DESCRI PTI ON POAER SUPPLY APPARATUS Technical Field [0001] The present
I nvention relates to power supply apparatus configured to operate

sirmul taneously rmultiple power devices to supply DC power therefromto a

| oad devi ce connected thereto. Background Art [0002] In the past,

t here have been proposed vari ous pomer su&&ﬁﬁﬂapparatus whi ch

si mul t aneously operates pluralitl) ices to supply DC power from
t he power devices to one or nore Ioad devi ces connected to the power

devi ces. [0003] As an instance of the prior power supply apparatus,

power ép apparatus including two power devices each configured to
decr eas (gﬁﬁﬁﬁ VPR APPARAT voltage with an increase of its output
current (see Japanese patent |aid-open publication No. 10-248253).

Technical Field
[0001]

The present invention relates to power supply apparatus configured to operate
simultaneously multiple power devices to supply DC power therefrom to a load device

connected thereto.

Background Art
[0002]

In the past, there have been proposed various power supply apparatus which
simultaneously operates plurality of power devices to supply DC power from the power

devices to one or more load devices connected to the power devices.

[0003]

As an instance of the prior power supply apparatus, power supply apparatus including
two power devices each configured to decrease monotonically its output voltage with an
increase of its output current (see Japanese patent laid-open publication No. 10-248253).

In this power supply apparatus, the two power devices shows individual output
current-output voltage characteristics of which lines have different gradient from each
other. This means that, when the two power devices varies their output current by the

same extent, one of the power devices shows a variation of the output voltage different from

that of the other power device.

[0004]

In this power supply apparatus, each of the power devices operates to reach a balance
point determined by its output current-output voltage characteristics and the load current
in accordance with a magnitude of a total consumed current (load current) of all the load

devices. Therefore, each of the power devices can output the desired output voltage and
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In this power supply apparatus, the two power devices shows i ndividual

out put current-output voltage characteristics of which |ines have different
gradient fromeach other. This nmeans that, when the two power devices
varies their output current by the sane extent, one of the power devices
shows a [,atl of the output voltage different fromthat of the other
power dé&%%g%hb%864] In this power supply apparatus, each of the power
devi ces operates to reach a bal ance point determined by its out put
current-out put voltage characteristics and the | oad current in accordance
with a rageilt ude of a total consuned current (load current) of all the |oad
devi ces. Therefore, each of the power devices can output the desired output
vol t age andHowever, inpthippawezisiprlpitapp{oogsyhere the twopgenesdevices shavs power
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of the |DagkhdfihEpdwer HRGIEHAY Ruriclic ROWEKacHURRS Y FhD ReHdduTent Al Tiferdoreput put
the stable supply voltage. In this power supply apparatus, in order to keep
t he supphypawditsagelytappbiweus fidld tadewtipottletstable emmtinntltdgey eln this pspectipplg of
changes of the output currents of the each of the power devices, both of

t he powsPPLFLE, j andenbokass thaswrinveltngy to the lpabdtpistatopeant Biitlout vol t age
characteristics. r sati.sfying this regyirenent.. the wer s
opar ot dEETEAE 1isPARGE oL MRl Ot P OR R oges DO of the

power supply apparatus have to vary their output current-output voltage characteristics.

For satisfying this requirement, the power supply apparatus needs to have a more complex

configuration.

[0006]

Now, in order to solve the above problem, there has been proposed power supply
system including the power devices which are operated simultaneously. One of the power
devices is configured to make constant voltage control, and the remainiﬁg is configured to
make inclination control of outputting its output voltage of a DC voltage decreased with an
increase of its output current. In this power supply apparatus, the power device
performing the inclination control supplies a current to the load device while having its
output voltage identical to an output voltage (reference voltage) of the power device
performing the constant voltage control. In this situation, the power device performing the
constant voltage current compensates for a shortage a current supplied to the load device.
Therefore, according to the power supply apparatus, the supplied voltage for the load device
is kept constant voltage (the output voltage of the power device performing the constant
voltage control) irrespective of the variation of the load current. Consequently, this power

supply apparatus can successfully supply power to the load device.

[0007]

For example, a commercial power source is used as a power source connected to the
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Now, in order to solve the above problem there has been proposed power
supply systemincl udi ng the power devices which are operated

si mul t aneously. One of the power devices is configured to nake constant
voltage control, and the remaining is configured to nake inclination

cont ol ghyOlhRHEL0Y 1 it 4k BHic i@l th BYBoRecBa RETKAULAUSHPELAASSH th an
increase of Tts output current. In this power supply apparatus, the power
devi ce pgH&IH DO/ oriveftbi. NAthie TT/DONHoh Mt WAk sEPori it bFfa® Mss b@chifae | oad
device while having its output voltage identical to an output voltage

(r ef er enordwtioh dgse Xloof catubel Ipoavesn-desisitaepé n fs@itohing etdnentonsdrasiticvol t age
control. In this situation, the power device perform ng the caonstant

vol t age Tetiptaaer ofagnpdrden estiediker J¥or reayl avariatiamt cespiipreefficienehd | oad

device. [ Th f , di t.o th | t th lied
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the variation of the current nsequently, this power s

appar at YsrieaNmekEeemSfthé bohve Rl FfRENET ad cholvhein(Hat FdeVd.c ewith QPErakingor
exanple, a comercial power source is used as a power source connected to
t he -2- thabove deee comeyied do thch@npueaveial pevdrceutce sbes tommpebt adottput he
comerci al power _ source includes a DC/ DC converter._ The DC/ DC converter
suf f er s PRt RicBrinidentignd S0 3 grprenissuppheipmdhe PoRer davisoreiatiggdt Bie an

on- r esi Sntlaa)'(TI%E Oc!onaersivgi te?th iien ellc %rr%néible%o P)ael;r%?ei ’cthieC oWEP - ésvti?éne%gcigxgtl an
i nduct o, VP hE Ylﬁe?. AT e BPS RS WAPTHALS ‘o POY CConversion é?ficiency
of the power device (a proportion of output power of the power device to
i nput power of the power device) with an output current is expressed by a
charact époosii cs |ine having an output current nmaxi m zing the conversion
efficiency, as showmn in (a) of FIG 9. Wth operating the power device

connect ed t Howheercimntie peionbopoviepplycwrartys cach povesfepicy vammesott puputcur r ent
which is identical. to a current lied fromthe powey device operating at
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appar at us, ‘eac vice varies its output current depending on a
magni t udewef the load current. Therefore, the prior power supply apparatus
is likely to operate inefficiently the power device connected to the
commerci al power.

Disclosure of Invention
[0009]

In view of the above insufficiency, the present invention has been aimed to propose
power supply apparatus capable of operating a power device to be connected to a

commercial power source at maximum conversion efficiency.

[0010]

The power supply apparatus in accordance with the present invention includes a first
power device, a second power unit, load current measuring means, judging means, and
controlling means. Each of the first power device and the second power unit is adapted to
be connected to a DC supply line to be connected to a load device and is configured to supply
DC power to the load device through the DC supply line. The load current measuring
means is configured to measure a current flowing through the DC supply line and output a

measurement indicative of 4 magnitude of the measured current. The judging means is
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Di scl osure of Invention [0009] In view of the above insufficiency, the
present invention has been ainmed to propose power supply apparatus capable
of operating a power device to be connected to a commerci al power source at
maxi mum conversi on efficiency. [0010] The power supply apparatus in

accor da”ccﬁ’ﬁ Vlvlirteg| b ! I?l% IP (r)b %11%?1% £hrév1§é’]atsiurger1]nein@ (fxlolr'lndﬁq% lga(f éu'é?etnt %e%ﬁrigge Mliegxgs, a
second p8me anrt PPPoad Tt et measuring neans, judging means; an .
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is adapted to be connected to a DC supply line to be connected to a | oad
devi ce ang first gavdlridguicetd ddapSdppby cdXiepewnes a teninberidlpadedeoiree The diugh t he
DC supply line. The |load current nmeasuring neans is configured to neasure a
cur r ent poivenilenicetih confipiredhie cDOestippiey dbfairedaitemdhe pupmercid RQWeLIPRHGe to
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measur i ns. . judge whet.her. or not the. I ce an
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connect ggdtitid] BuCORITRE&iRlde RONEMed QYL GRagnTi@e bf 4 SlrrPOWRKicK RVIWESuth&d to the
configured to convert power obtained fromthe comercial power source to
t he DC poZveuppdpliasfrom the fikarmpowe o dstiantpevaitgagexicont porerabnegurpiph pifivgnay
const ant volta&e to the DC sqpply line irrespective of a current supplied
t her ef r dheteof. t Rke BRosd ppvsr yihmclufheableastipae of spcprchpovrrgisvicerde Tihg seopfined

it .of. t which.is. tputt t J ly. |i f
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t her eof outgl Vgﬁgé%ﬁpgﬁg@{hewﬂ*otm kd‘ﬁﬁe‘ﬁ@%ﬁﬁy 1i§@§f§th%%eln9jea§ee(ﬁgﬂ%uwr

devi ces. e seco ower device 1s configured to performinclination

control cQfreAPORHUBI GRirbiyorf €6 f1RASC BEpEN liak i fidtof WRinba@ealy pdréthd ther ef rom t o
the DC supply Iine with an increase of an output current supplied therefrom

to the DGsuppltygdwitea dandasfofrbnattont oakdng. | ‘Ao emsiolng thearsus putfignodd age
with a decrease of the output current. The controlling neans is confjgured
to, upoRko-3PRASHkINYTIRE that theadpinagrasys AelsHa e thatithawapgmephgrceeds
measur enent exceeds the optiml current magnitude end an Lnstrugtion to

t he secgﬁ qﬁSﬂ%(m5%§%8@g§§3 &fﬁ%fméuﬁgﬁﬁ??gPé%SFagng PW%%fwgﬁﬁﬁl?gﬁtﬁrom
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bet ween the neasurenent and the optinmal current magnitude. The second power

devi ce iidwltiddies aadffershédigtweantheadiisifhiedd ahd tikdpptihaltchereatitaghitady. r ent on
the basis of the instruction received fromthe controlling neans. The

adj ust i Ade ve@nd ppwecdrvidegusladestasjustingrmeaas epniigvged oerdived theeatpahcyrram t he
controlling means, nodify the condition of tg  inclinah;on control so as to
adj ust CREDQRATUL theiFsEctioR rege e fTap the SpptE E‘Bﬁéﬁeﬁﬁs't eI OB RARF on

wi t hout i ca(‘)%}‘llglrlll%dttQ,eup%Htch%tivir\{g Jcﬁeaiggﬁrult%%]f}ojm the controlling means, modify the

condition of the inclination control so as to adjust the output current to a current

corresponding to the instruction without varying the output voltage.

[oo11]

In a preferred aspect, the controlling means is configured to, upon acknowledging that
the judging means determines that the measurement does not exceed the optimal current
magnitude, control the second power unit so as to terminate supplying the current to the

DC supply line.

[0012]

In a preferred aspect, the second power unit includes a plurality of the second power
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In a preferred aspect, the controlling neans is configured to, upon
acknow edgi ng that the judgi ng neans determ nes that the neasurenent does
not exceed the optimal current nagnitude, control the second power unit so
as to termnate supplying the current to the DC supply line. [0012] In a

preferr ?P%Vla(}(%g e.G[thb mtuq'e £ seu%ﬁggd PO DM ?1:11%)(113'7 {1’1%9! tilﬁrgscﬁésés%loﬁl ?J;/w}v‘%lyunq{ ] td@ﬁn%ﬁ gond

]
power - evices. e rent supp upp ine from

second PRWRS sRiok tHeSou@Sft cﬂ%n%e&ﬁ%tﬁ&%%ﬁpﬁeh@r&&' tHRWe cdl g0t Qevibgpect i vel y
supplied fromthe second power devices. Brief Description of Draw ngs

[ 0013] FIG 1 is a block diagramillustrating a primary part of power
supply apparatus of one enbodi nent of the present invention,
Brief Description of Drawings

[0013]

FIG. 1 is a block diagram illustrating a primary part of power supply apparatus of one
embodiment of the present invention,

FIG. 2 is a configuration diagram illustrating the above power supply apparatus,

FIG. 3 is a circuit diagram illustrating a first power device of the above power supply
apparatus,

FIG. 4 is a circuit diagram illustrating a second power device of the above power
supply apparatus,

FIG. 5 shows a diagram (a) illustrating output current-output voltage characteristics
of the second power device of the above power supply apparatus, a diagram (b) illustrating
output current-output voltage characteristics of the first power device of the above power
supply apparatus, and an explanatory view (c) illustrating an output current of the second
power device of the above power supply apparatus,

FIG. 6 is an explanatory view illustrating an operation of the second power device of
the above power supply apparatus,

FIG. 7 is an explanatory view illustrating a variation of the output current-output
voltage characteristics of the second power device of the above power supply apparatus,

FIG. 8 is a flowchart illustrating an operation of the above power supply apparatus,
and

FIG. 9 shows a diagram (a) illustrating the output current-output voltage
characteristics of the first power device of the above power supply apparatus, a diagram (b)
illustrating output current-output voltage characteristics of the PV converter of the above
power supply apparatus, and a diagram (c) illustrating output current-output voltage

characteristics of the BAT converter of the above power supply apparatus.

Best Mode for Carrying Out the Invention

[0014]



FIG 2 is a configuration diagramillustrating the above power supply
apparatus, FIG 3 is a circuit diagramillustrating a first power device of
t he above power supply apparatus, FIG 4 is a circuit diagram
illustrating a second power device of the above power supply apparatus,

FIG 5 sh di jLlustrati . nut
Shovg, & A I;ianrpelgtae)xgiﬁlanelgsbe o%v, ér}%ugeurgfp u&ﬁl%ﬁﬁf’%ﬁl@% g&gl:ljl&g}}s ésl)%kbng)?lgigd

characteristics OI? e secC ower evice O
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characteristics of the first power device of the above power supply

appar at yesweafikbpdNaipaph e Btia mycovdaite (Gdh thk lpuskenainvagti@nmeaybeitstdledrient of

the second power device of the above power supply apparatus, FIG 6
is an exXphsinaconyleyi edy sHompsinddti Aghere asperlt powerofurplyandietmgnpgwvet televi ce
of the above power supply .apparatus, . FIG. 7 is an explan Vi ew
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t he out put current-output voltage characteristics of the first power device

of the dhavechepamgut tsiipinlay toafhpdAraddvsces aiadihadr@eappldy) lind Wdst r’Blidrads 20Cput
current-out put voltage characteristics of the PV converter of the above

power spgskpr dpbinterrased hetvean e AT ravrEyPRly lugst ¥04tand ghe pigvice 102.

current-ou vol tage characteristi.cs of the,. BAT nverter_of the above

soner s dgeist bissirnfis ot b rannior eqrrrhgoee thREEh AGERE ke B obE)
Wdc. Upon detecting an abnormal state, the DC breaker 114 limits or terminates

electrical power supply from the DC power supply unit 101 to the DC device 102 via the DC

supply line Wde.

[0015]

The DC supply line Wde is adopted as a power line for DC power as well as a
communication line. For example, it is possible to communicate between devices connected
to the DC supply line Wde by means of superimposing on a DC voltage a communication
signal used for transmitting data and made of a high-frequency carrier. This technique is
similar to a power line communication technique where a communication signal is

superimposed on an AC voltage applied to a power line for supplying an AC power.

[0016]

The aforementioned DC supply line Wde is connected to a home server 116 via the DC
power supply unit 101. The home server 116 is a primary device for constructing a home
communication network (hereinafter referred to as "home network™. The home server 116
is configured to communicate with a subsystem constructed by the DC devices 102 in the

home network, for example.

[0017]

In the illustrated instance, an information system K101, lighting systems K102 and
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In the enbodi ment expl ai ned bel ow, a house of a single-famly dwelling is
exenplified as a buil ding where power supply apparatus 3 of the present
invention is installed. The power supply apparatus 3 in accordance with the
present invention may be installed in a housing conplex. As shown in FIG

2, ther e a ower i c j S ower and
DC devi ?%@5( %glgl%g?fgc\?is %%%@W%#&;%gﬁ%?#aa&ﬂ%ﬁg%{ Rﬂpi ?ﬁaa::{%B% agg\]}igce 102 is
a | oad agbipadned 16 iRferRAVEH systhe K01 RQWETes SHORIRmMRiohalOd dodize 202 QuEhput
term nal connected to the DC devices 102 via a DC supply |ine Wic and

suppl i esssGepanarl conipaned, heviedlé utcesepsint)al rotitert drel DA Rdelkiphese trhasceiver. DC
supply line Wic. There is a DC breaker 114 interposed between the DC power

suppl y dfsch of e Lighdingisestpas &dP? ead KI95 imhedepthd lghtiaer DG flgvice 18bsifchggred t o
nonitor a current flow ng through DC . supp | i pe. Upon det ecting an
abnor mallisbfigg fxtyrRe %@ Tﬂ’?‘é%?%ﬁys.g[‘i%&{]]l%ﬁi“ﬂ‘gu t{‘éprq ‘{j?éﬂc\éﬂggl"%‘@fg}“?‘%fg ° powe?
supply fro he . supp - o eV LS i

supply I'TY en%%?gtgbtgggﬁé to Iﬂggk#hagﬂb% ég‘ép@ }higﬁlg%gl %@JSQS%%(%@ Lélélcg%&eg%%%er

line foryfXniROWeS dedsee WL ku@Safa AR CaPheQch kilifyystear is @B Rdmoub | S
possi bl e to comruni cate between devices connected to the DC supply |ine Wic

by neansligfibsiegeystamoshdgperatea bP@selfl t age a conmuni cati on signal used for
transmtting data and made of a high-frequency carrier. This technique is
simlar to a power |ine comrunication techni que where a conmuni cation
signal i perinmposed on an AC voltage applied to a power |ine for

suppl yi r@)@:ﬂ AC power. [0016] The af orenenti oned DC supply line Wic is

connect ed tQhé‘aﬁ%rﬁerﬁﬁ)rng%ﬁ)(}jﬁ'@al}'éralltihgag&i%w&}?%%hxsﬁmlﬂ 1Q%ne The home

server 116 is a primary device for constructing a hone ‘communi cati on

net wor K iigretdafstaice 1tk eifvaghtidd FstenhKI®L, Aeknorthké Jightthesjrosr Kyeevad 116 i s
configured to communi cate with a subsystem constructed by the DC devices
102 i n theettomee spstanrk]l03f tre lmmamghen sfOom K 10tnandvaeilighting satted KWtaaeace,

an information system K101, Iighti ng systenms K102 and , ,
associated with the four single DC breakers 114, respectively. A connection box 121 is

provided to associate the single DC breaker 114 with a plurality of the subsystems. The
connection box 121 is configured to divide a system of the DC supply line for each
subsystem. In the illustrated instance, the connection box 121 is interposed between the

lighting system K102 and the entrance system K103.

[0019]
The information system K101 includes the DC device 102 connected to a DC socket
131 preliminarily provided to the house "H" (provided at the time of constructing the house

"H") as a wall outlet or a floor outlet, for example.

[0020]

The lighting system K102 includes the lighting fixture (DC device 102) preliminarily
provided to the house "H". Meanwhile, the lighting system K105 includes the lighting
fixture (DC device 102) connected to a ceiling-mounted hooking receptacle 132 preliminarily
provided on a ceiling. It is noted that the lighting fixture is attached to the
ceiling-mounted hooking receptacle 132 by a contractor at the time of constructing an

interior of the house "H" or attached to the ceiling-mounted hooking receptacle 132 by a

__7_



-6- K105, an entrance system K103, and a hone al arm system K104 are
adopted as the subsystem The information system K101 i ncl udes the

i nformational DC device 102 such as a personal conputer, a w reless access
point, a router, and an |IP tel ephone transceiver. Each of the lighting
syst ens Klgz %ng 105 Lﬁpludes the lighting DC device 102 such as a

Iightinde?l%gure. 16° ent'r ance system K103 i ncl udes the DC device 102

configured to respond to a visitor and to nonitor an intruder. The hone

al arm syst em K104 i ncl udes the alarm ng DC device 102 such as a fire alarm
The eachHomibsystemis an autononous distributed system and operates by
itself. [0018] The af orenenti oned DC breaker 114 is associated with

t he subsyst &he lightinghBxtuird efsthe dighdng sistemn &d02 carerdceive preantrelinstysetiomiponn 1, a
set of the lighting system K102 %hd Ehe entrance syste Klog, t he, hone

al ar m sySUBHRAGAOLG eS| GHEhRY P85 SInEHA IRAHBICHP B A RGPALES W t he

o ok kSRR LY RASERORS] LAOMEpis dRhekm o ov ded

e Si e Yy e subsystens.

The conngebicappRXinkdkdt.s mnfgihq_HF et dr® ofinsi 1B tiA s SYSE AR 5 chi@eddesUpp! Y
line for each subsystem In the illustrated instance, the connection box

121 i s icobtesliostedctivativeee an idfearkd gérhotagostydieem KidReratieh dohtrobmstranidien gypst em
K103. [0019] The information ggstenyKlol i ncl udes the DC device 102
connect &d sewt by BE of s ekmmunBatipn signad thensnriiting to\the dahting fiaraBoge svytch

rovid at the ti constr i ng,the house 'H' a | | et or a
%Foor oﬁg?é?P“¥@Pt%5§h§¢§PP égﬁ%ﬁ&é&gInQ%ggP#éh@ﬁﬁ%%§§§ﬁgﬁgﬁfﬁﬂq%% ftifles
the I|i ' fi - ' b m ' QM Jaguse
iy Nedhn ot Bt B G6: B iR T I oo PR i bR C o
devi ce 102)e aRAPRLILEM Jf@ach &Rhé kh@cHRUAL add hapKiTagdaRpapPtRGLatrdB2

prelimnarily provided on a ceiling. It is noted that the lighting fixture
i s att adhsrhiction témebe sent by use of a communication signal transmitted to the DC device 102
from the home server 116 or the other DC device 102 of the home network. The control

instruction for the lighting fixture indicates such as turning on, turning off, dimming, and

blinking.

[0022]

Any DC device 102 can be connected to the DC outlet 131 or the ceiling-mounted
hooking outlet 132. Each of the DC outlet 131 and the ceiling-mounted hooking receptacle
132 supplies DC power to the connected DC device 102. Therefore, the DC outlet 131 and
the ceiling-mounted hooking receptacle 132 are hereinafter collectively referred to as "DC
outlet", if a distinction between the DC outlet 131 and the ceiling-mounted hooking

receptacle 132 is unnecessary.

[0023]

The DC outlet has a case which is provided with a connection slot (plug-in connection
slot) for inserting a terminal of the DC device 102. The case houses a terminal receiving
member configured to directly contact to the terminal which is inserted into the case via the
connection slot. In brief, the DC outlet with above mentioned configuration makes

contact-type power supply. The DC device 102 with a communication function is capable of
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cei |l i ng- mount ed hooki ng receptacle 132 by a contractor at the tinme of
constructing an interior of the house "H' or attached to the
cei |l i ng-nount ed hooki ng receptacle 132 by a resident of the house "H'.
[ 0021] The lighting fixture of the lighting system K102 can receive a
cont rol  ASLGHEL OD.olh O ] BELR LA BOLE pFPRAL Rl ST T WAL icadthe

y use o 0 I gha

trans x%.acomm B %
control instruction can be sen nmuni catl1 on s

transm tdhAgnti@ ptdifielitg iid DO olibiXt W R dftidBoahs Pt debicd 4daconnected to the DC
supply Iine Wic. The lighting fixture of the lighting system K105 can

receive a control instruction froman infrared renote controller. Further,
the control instruction can be sent by use of a conmunication signal
transm tlP934d to the lighting fixture froma switch 142 connected to the DC

ly I . In short,. each of. t i t ches 141 and 142 funct i
S e Ot B3R 0 B el oL ot T g, Tl
gi ven by, the E&%%ﬁ%ﬂiﬁ%gh%flg‘?&ﬁ& ?f\%ﬁiﬂeth@%{ngggﬁze}f% ANGn e Ged th ’Ehé;féi’de“ on,

k
the control instruction e sen y use O conmuni cati on sign

t ransm tah&0ndtQ oHNRTDCuEE\Ch & @njb) Zefvi@PrbN@e IR cSREVREvek i utbh@rfdher DC
device 102 of the hone network. The control instruction for the lighting

fi xtur e 200dbioated te tichwale aresr métwgrloNT. t urni ng of f, di nm ng, and bl i nki ng.

[ 00221 Any DC device 102 can be connected to the DC outlet 131 or the
cei l i ng-mount ed hooki ng outlet 132. Each of the DC outlet 131 and the
ceiling-@ﬁ%gted hooki ng receptacle 132 supplies DC power to the connected
DC devié 2. Therefore, the DC outlet 131 and the ceiling-nounted hooki ng

receptacl e lpg &B@er@@f\%hg% D]&f‘orgb{elg o ER Ve oS FiRE %flgo_nttfbu@?g a PiQUGhet 1

a distinction between t et 131 and the cei I ng- nount ed hooki ng
recept agd aidy theSDOMBECE $ER bt whRB23]y be otherldpabXtudtbtial akamnmuni@s@nwhi ch
is provided with a connection slot (plug-in connection slot) for inserting
a term fatctioh) ¢coneedS! thethie hemeoRtwditierix iwevide v seasnedwody NT nfat exaandevi Hip
menber configured to directly contact to the termnal which is |nserted
i nto t hEewasenablas rraitednmetongiolisc devids cpprested (Prike Brmpaeimerk B tif ebove
wth o Sommmridttl i At isar e A5tk AR PRF RubHBR en o1 i0,E V! €€ 102
computer, an internet TV, and a mobile telephone equipment.

[0026]

The home server 116 has a function of communicating with the center server 200
connected to the wide area network NT and a function of communicating with a device
connected to the home network. The home server 116 further has a function of collecting
identification information (e.g. IP address) concerning a device connected to the home

network.

[0027]

The home server 116 utilizes the function of communicating with the center server 200,
thereby enabling the communication terminal connected to the wide area network NT to
monitor and control the home device via the center server 200. The center server 200
mediates a communication between the home device and the communication terminal on

the wide area network NT.



transm tting a conmmunication signal via the DC supply line Wic. The
communi cation function is provided to the DC outlet in addition to the DC
device 102. [0024] The hone server 116 is connected to the hone
network as well as the wide area network NT constructing the Internet.
Wil e the,fypne server 116 is connected to the wide area network NT, a user
can enj oy service provided by a center server (conputer server) 200

connected t gyche weﬁl@ttaﬁ@es 136k oMRoK oNIontiDBedHome device Byus6 8MHRI server 200
provides a service of nonitoring or controlling a device (which is mainly

the DC demineichfidn thutinshtiehisenyortelotheepmapparagibo servavalng aa teetomaiai cat i on
function) connected to the hone network via the wi de area network NT, for
exanpl e mophEriggrequest emmesinges! prsitiestoRitheycantercssaver 00, nﬂl%@edé’ﬁ ipdased ghihect ed

to the hone netw se.of a co ni cati on. ternl not ho ha
by ones O RS L AicAE LY B e ER ATaE CaTa RSP h A SRY b wobyl o

tel ephoqg n?t%ym%q?cﬂ}e?%ér c%gg“l)l request-ﬁn)?n Q}%%mﬁﬁ{n\f@a&loé thrn}ﬁﬂ 1. aAfcg;g&‘ﬁngQ t}%f

comruni ca 1 ng center ‘server 0 connecte area network

NT and affrbRehiioHed e GO iLRsbBE: tWinidhiRdr dL¥InER] BKUHbQch @thck@id i Hase
networ k. The home server 116 further has a function of collecting

i dent i f ibgatsé ofithierbnmmidacion tengnall P addr ess) concerning a devi ce connect ed
to the honme network. [00271
[0029]
When an event (such as fire detection) of which the home device should notify the
communication terminal occurs, the home device notifies the center server 200 of occurrence
of the event. When the center server 200 is notified of the occurrence of the event by the

home device, the center server 200 notifies the communication terminal of the occurrence of

the event by use of an e-mail.

[0030]

A function of communicating with the home network of the home server 116 includes
an important function of detecting and managing a device constructing the home network.
By means of utilizing UPnP (Universal Plug and Play), the home server 116 automatically
detects a device connected to the home network. The home server 116 further includes a
display device 117 having a browsing function, and controls the display device 117 to
display a list of the detected device. The display device 117 includes a touch panel or
another user interface unit. Therefore, it is possible to select a desired one from options
displayed on a screen of the display device 117. Accordingly, a user (a contractor or a
resident) of the home server 116 can monitor and control the device through the screen of
the display device 117. The display device 117 may be separated from the home server

116.

[0031]

The home server 116 manages information with relation to connection of devices. For



The hone server 116 utilizes the function of communicating with the center
server 200, thereby enabling the communication termnal connected to the

wi de area network NT to nonitor and control the hone device via the center
server 200. The center server 200 nedi ates a conmuni cati on between the hone

devi ce and _the,comuni cat.i ermnal onthe. w r r [ 0028]
Wien a USEFPAEY f}ée%lp(}née eéverlft)lglgtsoof “or &St 5 n(i%ﬁg gr?g & gﬁr&gtg}ﬂ%flﬁgg%e of the

conmuni BhhQed 81HE Réthe nbtiRrk!S eFhet OBt Rlis pbRBHIC MM £BhkQIvedtignnal so as
to store a nonitoring request or a cont I‘OF request In t he center server

200. The&et@asncRvizkacfatle homt hetwiaks eAeddsabibédsihehe phsviepthied afoliyia e withy
pol i ng communi cation, thereby receiving the nonitoring request or control
request reladiom theonmeetinmmif aateivish it artpinatitallyAletastadi nén exsler Hemakotheritdeioned
operation, it is possjble to monitor or_ control the device pl.aced in the

house bfpagémafbef%n_ébwmeeaﬁf%wfgg??ﬁthai an pegeafion PeIWeeHIRCes S event
(such as,fihSidll Sol B e lebd JFRADOLE ACHGRA 2N HRALH oL be

. a
comruni Cé.]tl on m nal ™~ occurs, one device notifies the center server

200 of QReeddhhERGH ubdr hilebEMBRtcteYiPIhe HBMGBRLEN 16 MM Ris2RRah e, iRt | fied of
the occurrence of the event by the hone device, the center server 200

not i f i e;stdeatooaticaaliciioes daarbw male pf usehé a beovrinefuetiof oftthe ifvemdtidy use

of an e-mail. [0030] A function of comunicating with the hone network
of the Hemengerver 116 includes an inportant function of detecting and
managi ng a device constructing the honme network. By means of utilizing UPnP
(Universal Plug and Play), the honme server 116 automatically detects a
device g cted to the home network. The hone server 116 further includes
a display device 117 having a browsing function, and controls the display
devi ce 117 EQch of the devices holds a relation with regard to the linked operations between the

devices. Therefore, the devices can make the linked operation without requiring to access
to the home server 116. After establishing an association with regard to the linked
operation of respective devices, a lighting fixture, which is one of the devices, is caused to
turn on and off by manipulation of a switch, which is another of the devices, for example.
Although the association with regard to the linked operation is made for the devices
belonging to the same subsystem, the association with regard to the linked operation may

be made for the devices belonging to the different subsystems.

[0033]

Basically, the DC supply unit 101 is configured to generate DC power from AC power
supplied from a commercial power source AC located outside. In the illustrated
configuration, the commercial power source AC is connected to an AC/DC converter 112
including a switching regulator via a main breaker 111. The main breaker 111 is
embedded in a distribution board 110. DC power outputted from the AC/DC converter 112

is supplied to each DC breaker 114 via a cooperation control unit 113.

[0034]
The DC supply unit 101 is provided with a secondary cell 162 in view of a period (an

outage of the commercial power source AC) in which the DC supply unit 101 fails to receive

_11__



display a list of the detected device. The display device 117 includes a
touch panel or another user interface unit. Therefore, it is possible to
sel ect a desired one fromoptions displayed on a screen of the display

device 117. Accordingly, a user (a contractor or a resident) of the hone

Server ]é 6c’cr:c1;caélril pﬁer}"l ftrocl)x{;l tﬁentgon? QL1 lgg\%presoﬁ%\é iAC(? F%'fr QY lg,ht%e ggéoﬁgﬁyoc%llt he

t
di spl ay device e display d ce nay be separate romthe honme

server 14%6.,{,0031ith G ifP8RoSBEY 8httdrl0 TRIRASS shiiPLARLOON Widteligledt i On to
connection of devices. For - 10 - exanple, the hone server 116 stores a

type or aadfaufaeldetirnl 63R6hfiuredt @asradé DChewdevick: cednegitied wich thee hone
network. Therefore, it is possible to make a |inked operation between

devi ces sefongliey de8ri62n el audrd€ thensplateosHrlBbetdie ispronfary B 162, anddhp fifed eethiédn
with relation to connection of a device is autonaticallX det e #gﬂ% I n order
Lo make RS FRRASHIONEE PEHODE VEBAT | MEniaoT et reeineludingfhs SPTG ¢ hat an

associ at| gv%xé%gtl\f@%{l}f%gy%d%%%réa% Bt 2R o3l A PH@Q@ ﬁ%ugﬁl £ thie %h@%m a

devi ce. n 1 nrorma erm na as a persona onputer my

connect gdwbPsdud& RONMEBSEIKEhe bd&ndhFy dehi182 il BY G hatdroREE0GE 3lrt @ (et ween
devi ces can be made by use of a browsing function of the information

t er m nalsho{a032] Each of the devices holds a relation with regard to
the |inked operations between the devices. Therefore, the devices can nake
the |linked operation without requiring to access to the honme server 116.
After eﬁggghishing an association with regard to the |inked operation of
respecti evices, a lighting fixture, which is one of the devices, is

caused to t «QBn fe=Tal [ ' erciiii I Su er of
W‘?o“fwe‘%}gﬁfﬁe ) ﬁg{uggg%k,%& 108 Ale & i dutflerc il p6led SuARAE

t he devi ces, he association wth regard to the

| i nked apesaid @ 163, Amlmeffad] ctihaecsleyi papebedngi Mhetséecohherys@maegudbsyst em
the association with regard to the |inked operation may be nade for the
devi ces dixehomgi dgring athsodliff Whickhhe DErvyslyamst 1J10B38}o receive electrical power

from the commercial power source AC. In addition, the secondary cell 162 is discharged at
appropriate timing as necessary. The cooperation control unit 113 is configured to control
discharge and charge of the secondary cell 162 and to make cooperation between the main
power source and the dispersed power sources. In brief, the cooperation control unit 113
functions as a DC power control unit configured to control distributing to the DC device 102
electrical power from the main power source and dispersed power source constituting the

DC supply unit 101.

[0036]

A drive voltage of the DC device 102 is selected from different voltages respectively
suitable to individual devices of different voltage requirements. For this purpose, the
cooperation control unit 118 is preferred to include a DC/DC converter configured to convert
DC voltage from the main power source and dispersed power sources into a desired voltage.
Normally, a fixed voltage is applied to one subsystem (or the DC device 102 connected to
one particular DC breaker 114). However, different voltages may be selectively applied to
one subsystem by use of three or more lines. Use of two wired DC supply line Wdc can
vary the voltage applied between wires with time. The DC/DC converter can be placed at

plural points in a similar fashion as the DC breakers.

_12..



Basically, the DC supply unit 101 is configured to generate DC power from
AC power supplied froma comrercial power source AC | ocated outside. In the
illustrated configuration, the commercial power source ACis connected to
an AC/DC converter 112 including a switching regulator via a main breaker
111. The main breaker 111 is enbedded in a distribution board 110. DC power
outputted fromthe AC/ DC converter 112 is supplied to each DC breaker 114
via a cggggmation control unit 113. [0034] The DC supply unit 101 is
provided with a secondary cell 162 in view of a period (an outage of the
comrer ci al DOYes afs@icneiodd) configiakioh iddienDory ppd XCIDT tontOitef Rl s t O
receive electrical power fromthe comrercial power source AC. For exanple,
t he secaomeddsd.célowey@2aphyrabty of the ARTRGreIyartsescHi?darybheenpested in paraled DC

supply unit 101, a_solar cell 161 an uel cell 163 configured to

gener at &° BREh S hesr nige aﬁgah&ycpéé%tgﬁ?é f%vm‘éfssléédm%?fv et Iiré%?reéach of
t h e sol f%l’ Vgre I’clhe %g%nfbe}' (t)]feahg %‘C‘?ﬁ@%é{v&t‘%&é 1%11\}\%5‘ 1vtalﬂa% iil"é.%!:orﬁﬂ L}V&[ﬁ‘? @Ct S as a
d|sperse% power ‘source i n view of a naln power source Inc udﬂng the AC/DC

conver t @inohhe oW el Jo 18R dtHe 164Rat € DC power from AC power supplied fromthe
commerci al power source AC. Besides, the secondary cell 162 includes a
charge controlling circuit (not shown). [0035] The secondary cell 162
is charged by at |east one of the comrercial power source AC, the solar

cel | 1610038hd the fuel cell 163 at a proper tining. The secondary cell 162

i di h d duri iod i ich the DC | yv.unj 1 il t
S e O b A S S At TS b PR B I B bR ¥ o,
the secqpgafy (Ggl Leulrﬁg]], b s%ho%fd'ag,r a8(th &3t ?ﬁ@ﬂ{e‘}ﬂéﬂ Rh968iEBYidAs wagGEessary.

The cooperation cont unit 113 1s configured to control discharge and
char ge @fmith@ica€6R ReatiynCelherd62, @ndlidledvpketoaepe babedsrnhdtineespohfetomai n
power source and the di spersed power sources. In brief, the cooperation
cont r ol statiig oflch8h pithetmain powsr wubDE, popensed pewarsburens. tand deddis gerleding bhecont r o
distributing to the DC device 102 electrical power fromthe nain power
sour ce alfdddispoRs etk sviemmastisationsianat peadtiphietMe desics iFp r yommupicphen
[0036] . A drive voltage of the .DC device,. .1l i.s.selected f i fferent
vol t agesiakfetiiEr PubiiSafe S RbURIERGEh bEnR SR AR R TR age
requi regppis. For this purpose, the cooperation control unit 113 is
preferred to include a DC/ DC converter configured to convert DC voltage
fromthe main power source and di spersed power sources into a desired
voltage. Normally, a fixed voltage is applied to one subsystem (or the DC
devi ce 1@B9%onnected to one particular DC breaker 114). However, different

| t | ecti.vely lied t bsyst b ft .
or e i mes. TS e pagt g Bhes bBIRGT 11 R AL ey AL{p T Tt feganis
appl i ed \RERICeM WBEoWEL hhd AT HISe I Ho EOMEE] hefoGlBE:oH AERA 136

e
plural points 1h ar fashion as reaker
However, the AC/DC converter 112 is not necessarily placed in the distribution panel 110.

For example, branch breakers (not shown) may be connected to an output side of the main
breaker 111 in the distribution panel 110 such that a plurality of systems is branched off

from an AC supply line, and an AC/DC converter may be provided to an AC supply line of
each of the systems. That is, each system may be provided with an apparatus configured

to convert AC power into DC power.

[0040]
In this arrangement, it is possible to provide the DC supply unit 101 to each unit such
as a floor or room of the house "H". Accordingly, it is possible to manage the DC supply

unit 101 for each system. In addition, it is possible to shorten a distance between the DC

_._13_



[ 0037] In the aforenmentioned configuration instance, only one AC/ DC

converter 112 is provided. However, a plurality of the AC/ DC converters 112
may be connected in parallel to each other. Wen the plurality of the AC DC
converters 112 is provided, it is preferred to vary the nunber of the AC DC

convert [ [ u r

Fequi red Byt AL GG EE POt D AR AAS AR CRAEY TherdbrR L

cooper atjo98ibie e tdd@ke Potidr 135%%au§e|a%ym7(ﬂtrag@hﬁfp wHidh odcifs BAhaDCE/Ipplylde the
secondary cell 162, and the fuel cell 3 is provided with a conmuni cation
functlonNtheﬂeﬁmnemhmﬁﬁahuﬂMﬁdahmaﬂahndmmnahbba&penhgmnédumﬂlneh@onse to
status of each of the main power source, dispersed power sources, and | oads

i ncl udi rﬁ]gStflhétIW@é’\l’llé% apgd phe ACKRC gonverenihl% ak enepeiagraronicdanitdildt the DC

NG I I A R SN RS

af orene in order to convert AC power outputted fromthe
mai n brgﬁtgggglaﬂékﬁgéfpomer the AC/DC converter 112 is placed in the

di stribution panel 110. However, the AC/DC converter 112 is not necessarily
placed in the distribution panel 110. For exanple, branch breakers (not
shown) regalbe connected to an output side of the main breaker 111 in the

di stribution panel 110 such that a ura it of systens i s branched off
from an AC Seppry ekp ﬁ@aﬁwfe&ﬁn&@ ép li‘?algf’“f% SBPR}WH%F%W 4n AC

supply Line of egach of the T at s ea h aS vided
ot Th an Haffedtn ¢ GEBR sipeel el B %E{@hve gty oS0 PR B LRE PRGYAS
I'n this @riangeiBila inklanks f&ﬁ&ﬁb@éﬁde&&e@&@y'eﬁsna Q%mt}&oﬁugramcw' tTpkO01 to
each unit such as a floor or roomof the house "H'. Accordingly, it is

possi bl gotver denaga (5,6 abcdtigpted ttbpéralddmiuttaneasly 6 yapEma DO pasel toitha, it

is possible to shorten a distance between the DC
DC device (load device) 102. The monitoring device 7 is configured to monitor a whole

system regarding the DC power supply.

[0042]
The plural power devices 4 include a single first power device 5 and plural (in the

illustrated instance, three) second power devices 6 (6a to 6¢).

[0043]

The plural second power devices 6 (6a to 6¢) constitute a second power unit 8. In the
present embodiment, the second power unit 8 includes the three second power devices 6a,
6b, and 6¢c. Therefore, a current supplied from the second power unit 8 to the DC supply
line Wdc is defined as the sum (= Ioa + Iob + Ioc) of the output currents Io2 respectively

supplied from the three second power devices 6.

[0044]

In the present embodiment, the second power unit 8 includes the three second power
devices 6. By contrast, the second power unit 8 may include the single second power device
6. In this arrangement, the current supplied from the second power unit 8 to the DC

supply line Wdc is identical to the output current Io2 of the single second power device 6.

_14,_



supply unit 101 and the DC device 102 configured to utilize DC power.
Therefore, it is possible to reduce power |oss caused by a voltage drop

whi ch occurs in the DC supply line Wic. Alternatively, the main breaker 111
and branch breaker may be housed in the distribution panel 110, and the

AC/ DC CO@\!&EB&%@ iﬁ%e ietfgr?%g%’%g{ng{ % }élgxﬁ%’c’f&cieoéhe Wi 'sec%&@f)o%%}ﬁe%e?@,eﬁ‘rﬁxg{% 114,

and t he hone ser I N anot her pane eren t he

di stribuhiigle RRNEGLr dhfore[sPQRdhower deviR¥®6, an explanation referring to FIG
1 is mde to the power supply apparatus 3 housed in the DC power supply

unit 101. The power supply apparatus 3 includes a plural (in the
illustrated_ instance, four) power devices 4 (5, 6) and a nonitoring device
7. The d@%ﬁﬂ devices 4 (5, 6) are configured to operate sinultaneously to
supply a DC_power to the. device éoad device) 102. The niptaring device
7P Y ont 1 GUREA T GoREHICaR Biovipre ey Ehen R g AR IHE LR LaheP b ugpl y

[ 0042] T? . Dl Vil I a 8] I devi ce
S and prafe PR s By RO R Rt B Ry R ol he L TbL 22V

(6a to GG (b]B048] 5). The Fh& JOldE abvi&es RREIVEONOSItLR \SuBISedbirdf@hd O 6C)
constitute a second power unit 8. In the present enbodi nent, the second
power urbmn@réigigdonae sourheAChisabe spud ndtqEeWiil (@eFilGes). 68hatoh, thadidstGeower
Therefore, a current supplied fromthe second power unit 8 to the DC supply
i ne WiEone §ds fofingdas arqmmeypnl Boweg gourcy defligatadpywegrderice conftguued ©ur rent s

102 TeSREELL R YowstRR A LHCTHOM 1680k G2 s RBT A AU LSl F25n fie [ 00441

commercial power source AC.

[0046]

In brief, the first power device 5 is adapted to be connected to the commercial power
source AC. The first power device b is configured to convert power obtained from the
commercial power source AC to DC power so as to perform constant voltage control of
supplying a constant voltage (output voltage Vol) to the DC supply line Wdc irrespective of

a current (output current Iol) supplied therefrom to the DC supply line Wde.

[0047]

In the present embodiment, as shown in FIG. 2, the first power device 5 is connected
to the commercial power source AC via the AC/DC converter 112. That is, the AC/DC
converter 112 converts the AC voltage from the commercial power source AC to a
predetermined DC voltage, and provides the resultant DC voltage to the first power device
5. Thus, the input voltage Vil is the DC voltage outputted from the AC/DC converter 112.
Alternatively, the input voltage Vil may be an AC voltage supplied from the commercial
power source AC. In this arrangement, the first power device 5 is provided with an AC/DC
converter configured to convert the input voltage Vilof the AC voltage to a DC voltage and

supply the resultant DC voltage to the DC/DC converter 52.

[0048]
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In the present enbodi nent, the second power unit 8 includes the three
second power devices 6. By contrast, the second power unit 8 nmay include
the single second power device 6. In this arrangenent, the current supplied
fromthe second power unit 8 to the DC supply line Wic is identical to the

out put curregnt,lo02. 0 e..Si e second power . dev| 6. . Abernatively, the
second povierdht e BTG % 1R 36 Fe S BhE BRI BolelRe Smotr sl SRl

i ncl ude LN i1, f5d {IRITSC/HRCIARIBY. FRY 68T ctnetbO8FRlconfigured IGeddurst
power device 5 is configured to provide the output voltage Vol of a DC

vol t age tWhbetput Soltage VM3t allie MdikdhagecontroisPRELisicuefigiredta@anidteduide t he
output current lol (see (b) in FIG 5). The first power device 5 receives a
vol t age vaédiipinpddafiorosigndle lovmink hes 4 dpowetio sdartedbased gy ateéerprmeltees t age

Vii FIG 3). That is,_the first i s defi

N S M L L T
to_the. devi 2 on the bhasij f | th

pover SuFEBSU8L1EE, 6 PRkl el ma byl pge R g e g e

i's adaptethrithdd RN eGEEF tlQf bR AWRE R nflduR@MB5ie2QUS € Butdetted M@nd iheSt
power device 5 is configured to convert power obtained fromthe commerci al

power seguttckinACodtdollDE 5p0wer so as to perform constant voltage control of

supplying a constant voltage (output voltage Vol) to the DC supply |ine Wic
irrespective of a current (output current lol) supplied therefromto the DC
suppl y I'& Wic. [0047] In the present enbodi ment, as shown in FIG 2,
t he fir§¢4§$mer device 5 is connected to the commercial power source AC via

the AC/ DC cepyenter nlté 507 ludbStwd REisOTE %) ERDYGT Lhetd@irLRMUELLS at he AC

vol tage fromthe conmercial power source to a predeterm ned DC volt age,
and provbigs Hheydrespalchaiturboetdifge divaddnelthd gdnepav@ by dieviestdrs 50MUS,

the input voltage Vii is the DC voltage outputted fromthe AC/ DC converter
112. Al taedBalithetepy nteheuiimptite ontpttagbads Vohefithy Erdmpoker dolitedye Thgypltaged
fromthe comrercial power source AC. In this_arrangenent, the firs& power
devi ce Fnqter 3Hisyprfeanred tormearuryhocusHverees Vebind kfisy g the deterhiagtoltpe
bePver 1 B PE s e By Te] BBub PoifaeP Vol b LIS ARG AR Hed B "eoul tant
[0050]
The switching controller 51 includes a switching IC 510 configured to receive the

detection voltage (an output voltage of the voltage follower 502) V1 of the voltage meter 50

as well as the reference voltage V2.

[0051]

The switching IC 510 is configured to output to the switching device 520 the pulse
width modulation signal S1 which has its duty ratio selected such that a difference voltage
(= V2 - V1) between the detection voltage V1 and the reference voltage V2 is kept constant.
That is, the switching IC 510 is configured to select the duty ratio of the pulse width
modulation signal S1 such that the output voltage Vol (the detection voltage V1) is kept

constant.

[0052]

The DC-DC converter 52 includes a smoothing capacitor 521, an inductor 522, the

__16_



[ 0048] As shown in FIG 3, the first power device 5 includes a

vol tage neter 50, a switching controller 51, and the DC/ DC converter 52.
The voltage neter 50 is configured to nmeasure the output voltage Vol. The
smﬁtching controller 51 is configured to generate a pul se wi dth nodul ati on

si gnal s'w1t 1n dev1c 5&(5 3 ({jﬁ&ey §£3a %n(P a3 ogt%ng?m ?gtﬁ?og é@@iﬁﬂh&(ﬁ rﬁgx%?l%e(y 81' ?sge V2

and a detec n vo tage e Vo ta e nverter

i ncl udea)r@ex%ﬁ ¢ '1ﬂk91t@f&é' Cehode-Dd fagmsewe& 8RiopdatiR\b €€rntardSore@Rf | gur ed t o
be turned on and off in accordance with the duty ratio of the pulse width

nodul at iseiitchingrialicSb2 foir tdréathd the mjidteroltagd ¥11. ng control |l er 51. [0049]

The voltage neter 50 includes two resistors 500 and 501 connected in series
and a voltage follower 502 configured to receive a divided voltage
generat%@ggy the resistors 500 and 501, thereby neasuring the output

vol t age of the first power device 5. The voltage neter 50 is configured

to measur e e, oyl Aty oL hadee Yali0 BLAAELNBLASLEE! IO daldage V1

cor r espondi ng € neasured- out p tage to t € swtching

cont r ol |Ric®620 hAGROEate receivIREtlBWlEhiiath HOMEIaAbA SknPIST M6h YRS SwidclSHE t Chi ng
| C 510 configured to receive the detection voltage (an output voltage of

t he vol tl&@gdofvid 4 mmoﬁm Vhemwfore tbe volttlage dewtes2066 tasedpoh land sfftihe

reference voltage V2. [0051] The smntchln% I C. 510 is configured to
out put tacortancs witthihiedegtreatiocd ﬂgezmﬂﬁwl%b mxad uigtiepisigngliBi fomothe sivisaime s;

whi ch has |t sel sSuc di f erence v
V1) et oo e Lok 1 SGuriing de 0 0" Pira® g« PERERSTaF R B0 s B
const anty, ﬁl]?@ @fecqr&aug; E'&m%wea %"lt@ Grdif mrébsy iRl ALE LEd &nﬁﬁh&% the duty
ratio of the pulse wd nodul ati on signal” SI such that the output voltage
Vol (thecédah@ate @ébtﬂbﬁiatgﬁgt@c Mibygy. S Thepdaftefeiearthe switching device 520 is turned

off, the inductor 522 discharges the accumulated electromagnetic energy. Thereby, the

input voltage Vil is increased. The increased input voltage Vil is smoothed by the

smoothing capacitor 524 and is supplied to the DC device 102 (see FIG. 1) as the output

voltage Vol.

[0054]

According to the aforementioned operation, the first power device 5 can make a
feedback control to have the output current-output voltage characteristics of keeping the
output voltage Vol constant irrespective of the magnitude of the output current Iol, as

shown in (b) of FIG. 5.

[0055]

The second power device 6 is configured to provide its output voltage Vo2 (a voltage
supplied to the DC supply line Wde) decreasing monotonically as its output current Io2 (a
current supplied to the DC supply line Wdc) increases, as shown in (a) of FIG. 5. A line
indicative of output current-output voltage characteristics of the second power device 6 can
be expressed as a relation of Vo2 = - a * Io2 + VO (a > 0, VO > 0). In this relation, VO is
constant, and satisfies a relation VO =Vo2 + a * [o2. It is noted that "a" may be different

in each of the second power devices 6 and may be common to the second power devices 6.
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[ 0052] The DC-DC converter 52 includes a snoothing capacitor 521, an

i nductor 522, the - 16 - swi tching device 520, a diode 523, and a
snoot hi ng capacitor 524 which are arranged in this order fromits input
side. The DC-DC converter 52 operates to turn on and off the sw tching
device 520 for increasing the input voltage Vii. [0053] For exanpl e,
the switching device 520 is a field-effect transistor. The sw tching device
520 has [hisgjgate receiving the pul se width nodul ation signal Si fromthe
switching 1C 510 via a resistor 525. Therefore, the switching device 520 is
turned on amngotdef woitlsatRoktamdgawar tévitd@isduhfygurad toparforivheclpatioe comtadlh

nodul ation signal Si fromthe switching controller 51. Wiile the sw tching
devi ce BfmongtonisnHedeayensingtde suinus Wphegedéa? ssepBabtoths DG sipgbilireWde with

electrically connected to its drain. Thereby, the inductqr. 52 ontjnues to
accunul dhgngraey ShagHary ‘B‘ré‘ﬂ’ég%%/?“p?ﬁéﬁ? g‘h"fr?‘}é/?’? t%ﬁ@rﬁ‘s FEPRIGIPE ﬁYdrc?gafa‘Je%u ce
520 is turned.off . the.lnduct | SSNRY %ﬁg
eIectroﬁ%ﬁﬁeI?%ﬁ%ﬁ%?ﬁ??n%ﬁgfg§§§§§ﬁggiiputtggﬁ%gggs |iH€§£?%§ggg%g ?ZThe
increased input voltage Vii is snoothed by the snoothing capacitor 524 and
is supplied to the DC device 102 (see FIG 1) as the output voltage Vol.

[ 0054] [0057] According to the aforenentioned operation, the first power

device 5 can nake a feedback control to have the output current-output
vol t age chafachery it TS lothelasepidmywendevens Sat 6k gind £garagmmnegnd tosthe solar

H rGesg?%glil \{gl,cHw gergzgn ar Qciefl Tg2e a?lzl t}tleh&lef)(lzjetﬂp%, %el'sl{)(gc &Eelyl. C)’II‘he g‘escog(t| gc\a’x\ﬂceis% (b) of
receive output voltages from the corresponding cells 161 to 163 as their input voltages Vi2
(see FIG. 4), respectively. In other words, the second power device 6a is defined as a solar
cell dedicated power device (PV converter) configured to supply DC power to the DC device
102 based on the supplied voltage from the solar cell 161. The second power device 6b is
defined as a secondary cell dedicated power device (BAT converter) configured to supply DC
power to the DC device 102 based on the supplied voltage from the secondary cell 162. The
second power device 6¢ is defined as a fuel cell dedicated power device (FC converter)
configured to supply DC power to the DC device 102 based on the supplied voltage from the

fuel cell 163. With regard to the first power device 5, the second power devices 6 are

treated as the other power devices.

[0058]

As shown in FIG. 4, each second power device 6 includes a current meter 60, a voltage
meter 61, a switching controller 62, a DC-DC converter 63, and adjustment means 64. The
current meter 60 is configured to measure the output current Io2. The voltage meter 61 is
configured to measure the output voltage Vo2. The switching controller 62 is configured to
generate a pulse width modulation signal S2 which has its duty ratio selected on the basis
of a detection voltage V5 of the voltage meter 61 and a voltage V8 outputted from the
current meter 60. The DC/DC converter 63 includes a switching device 630. The
switching device 630 is configured to be turned on and off in accordance with the duty ratio

of the pulse width modulation signal 82 outputted from the switching controller 62. The
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[ 0055] The second power device 6 is configured to provide its output
vol tage Vo2 (a voltage supplied to the DC supply line Wic) decreasing
nonotonically as its output current 102 (a current supplied to the DC
supply line Wc) increases as shown in (a) of FIG 5. Aline indicative of

out put Gl ::sgnt n?%%ﬁ’%& is co %1 | on (f)la J@gttzt%r Ioﬁ%ﬂu%iur%felétt ﬂé\}%gfc%pﬁnggwgga%ew Cel 6

can be exb

this rel1ﬁ§th%ﬂton\t‘f3nﬁ & c&RPﬁttﬁ'ﬂ:t73 @Adrat) 8f L:§%aifled BdI&KI ON VO = Vo2 + a *102.
It is noted that "a" may be different in each of the second power devices 6
and may be common to the second power devices 6. [0056] I n ot her
words, the second power device 6 is configured to performinclination

contr ol [095%Dnot oni cal | y decreasi ng the output voltage Vo2 supplled to the

DC supply line Wic with an.increase of the t curr S

t her ef r om t dPE RETER WefsHPY ind SWtoﬁmo&PS%(%gt %ﬁ‘i‘rlf%ﬁtrﬁ;; qjoﬁ ’é@%‘pﬁ%ﬁt he
out put voltage Vg2 with a.de f . I ; 7
As s homm?ar?u anﬁ%ge fhe Sssteh%g(rétg %ﬁﬁ%‘? 8%%}?082%62%%% (g)'é f&g(?tlg dé%za ar(Lelgggtn]nect ed

to the sgltafe ¢8btthdClrrebhi® 6®CARARIYILER] 1102 602NNt B d Uelecki®d b dbbdad
respectively. The second devi ces 6 receive out put voltages fromthe

cor r espontagegenetdted B thetrosidds 662 4:he603. | Apus, thottragesnateP26q seenfifu@ed 4)
respectively. In other words, the second power device 6a is defined as a
sol ar céPFwdedﬁébteﬁmpbWE?mﬁévzce (PV converter) configured to supply DC
power to the DC device 102 based on the supplied voltage fromthe sol ar

cell 161. The second power device 6b is defined as a secondary cel
dedi cat gghgppwer device (BAT converter) configured to supply DC power to the
DC devi ce 102 based on the supplied voltage fromthe secondary cell 162.
The second pRYWSItLR\Mh&Er 6Tinchiddetvwrdisass 810 wed 6 CRtdnndadd anieeids padvar devi ce
(FC converter) configured to supply DC power to the DC device 102 based on
t he suppbitegt fobdwedd 2fcpoigurbktd needive e divided3roltage genecafad Hy thee tehistdrs 3@ power

device 5, the second power devices 6 are treated as the &,pomer
deV|cesanﬁ@@$8f”w‘m“aﬂ%“§ﬁﬁﬁﬂlﬁﬁmﬁﬁﬁﬁdﬁoséﬁﬂﬁtg%éﬁﬁﬁ“ W@P Qice 6

i ncl udes a current er vol t age ontroller 62,
"B DeteBRTEPiER iR Sty Aer Ll T M e B SRR GO (01 S
configured to neasure the output current 1o2. The voltage nmet er 61 IS
configured to neasure the output voltage Vo2. The switching controller 62
is confilgneieéd to generate a pul se width nodul ation signal S2 which has its
duty ratio selected on the basis
The switching controller 62 includes a switching IC 620 configured to receive the
detection voltage (output voltage of the voltage follower 612) V5 of the voltage meter 61 and

the after-mentioned voltage V8.

[0062]

The DC-DC converter 63 includes a smoothing capacitor 631, an inductor 632, the
switching device 630, a diode 633, and a smoothing capacitor 634 which are arranged in this
order from its input side. The DC-DC converter 63 operates to turn on and off the

switching device 620 for increasing the input voltage Vi2.

[0063]
The adjusting means 64 includes a CPU 640, two resistors 641 and 642 for dividing an
output voltage V6 of the CPU 640, and a non-inverting amplifier circuit 643. The CPU 640

is configured to receive the instruction prescribing the magnitude of the output current Io2
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of a detection voltage V5 of the voltage neter 61 and a vol tage V8
outputted fromthe current neter 60. The DC/ DC converter 63 includes a

swi tching device 630. The switching device 630 is configured to be turned
on and off in accordance with the duty ratio of the pulse wi dth nodul ati on

si gnal %2%11(1) %epﬁaér;?rgegtgi%g& %:oqlt%ﬁozwin}t%i (?e% ﬁ%ﬂtﬂ. 0 |.1111§ rélolg'%nveulg% a%g%gét\t,\(}i{&%itgﬁans

. T
64 is configure 0 adj us out put current n acco

i NSt ructd48is £n@itiRdGeMdeRle ailitled Polf28Gefidiedly tAS r&XRbAIFAeGnhG4aW. [ 0059]
The current neter 60 includes resistors 600 and "605", a current |C 601

configured to neasure a voltage across the resistor 600, resistors 602 and
603 for dividing an output voltage V3 of the current IC 601, and a voltage
fol | owerl0O®B4 configured to receive a divided voltage generated by the

603. Thus, fhe current neter .60 is confi

[ ﬁZf out put e FER 4 contggens] to vary therRperjtide of R Ryt Brrdhiitiderno - ©
resist Orb%(s:lig %Pth%qgst?l} io%%%&?&eggf%)rh es(%qltr%fuf?iQQS %hglg %f;@?ﬁg&%&é?@?ﬂ%})gﬂa SO and

configuréd to receive Y vOl t age generat e

611. The; ¥ ol LAGLLSELRE pSderl SipFIP L MRS b@hpIdPpBbYert BehEBaRVIcOnoYol t age V5
correspondi ng to the neasured output voltage Vo2 to the sw tching

controller 62. [0061] The switching controller 62 includes a
switching I C 620 configured to receive the detection voltage (output
voltage[ 65 he vol tage foll ower 612) V5 of the voltage neter 61 and the

f - i . .. . .
arter-menti 822 ovs\//1(1) lnt lgqu‘e IYﬁle monitoring device 7 includes a load current meter (Ioad

current detecting means) 70, a remaining amount meter 71, a judgment unit 72, the control
unit (controlling means) 73. The load current meter 70 is configured to measure a load
current Ir, supplied to the DC device 102. The remaining amount meter 71 is configured to
determine an available power range of each of the solar cell 161 and the fuel cell 163.
Further, the remaining amount meter 71 is configured to measure a remaining amount of
power in the secondary cell 162. The judgment unit 72 is configured to judge whether or
not the magnitude of the load current I1, measured by the load current meter 70 exceeds an
after-mentioned optimal current magnitude Im. The control unit 73 is configured to

control the magnitude of the output current Io2 of each second power device 6.

[0066]

The load current meter 70 is configured to measure the load current I. The load
current I, is defined as a total consumption current of the DC devices 102. For example, the
load current meter 70 is configured to measure a consumption current of each DC device
102 at a predetermined time interval while the power supply apparatus 3 is in operation
(the power supply apparatus 3 supplies power to the DC device 102). Further, the load
current meter 70 is configured to determine the load current I by calculating the sum of
the measured consumption currents. The predetermined time interval may be a time
interval (e.g., a few milliseconds) enough to enable a load-following operation. Thus, the
load current meter 70 is configured to measure a magnitude (current value) I0 of a current

(load current Ir) flowing through the DC supply line Wdc and output a measurement
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[ 0062] The DC-DC converter 63 includes a snoothing capacitor 631, an
i nductor 632, the switching device 630, a diode 633, and a snoot hi ng
capacitor 634 which are arranged in this order fromits input side. The
DC-DC converter 63 operates to turn on and off the switching device 620 for

i ncreasi.ng. t.he input vol 1.2, [0063] The adj usting nmeans 64
incIudeéngw%ﬁ%cgﬁgfkfﬁﬁw%ggﬁé %?%i641 and 642 for dividing an out put

voltage V6 of the CPU 640, and a non-inverting anplifier circuit 643. The
CPU 640 is configured to receive the instruction prescribing the magnitude
of the doegwit current 102 fromthe after-mentioned control unit 73 (see
FIG 1). The non-inverting anplifier circuit 643 is configured to receive a
di vi ded vol Theeemaingrsanecind ynetere? i medssiresy & @Yputaypdtagg and pposiput current ofhe

CPU 640 js configur o vary the magni tude. of the output current.lo2 on
Che basithe sfeondid CHLLP% 8 HERbp et SHorEb AR bRt SHDUHAEP TS Fart o
power s : r hSal e ak L o (108, POMES 3
e SRR bt PRI e MR G UBRLIATS P

the remaining amount meter 71 calculates the remaining amount of the power stored in the

secondary cell 162 on the basis of a detection result (measurements of the output current

and the output voltage).

f0068]
The judgment unit 72 is configured to, upon receiving the measurement from the load
current meter 70, judge whether or not the received measurement exceeds the optimal

current magnitude Im.

[0069]

As described in the above, the judgment unit 72 judges whether or not the load
current It, has the magnitude greater than the optimal current magnitude Im. In addition,
the judgment unit 72 refers to the remaining amount of the power in the secondary cell 162
obtained by the remaining amount meter 71, and judges whether or not the secondary cell
162 stores enough power enabling the second power device (BAT converter) 6b connected to
the secondary cell 162 to supply the output current Io2 (Iob). For example, upon
acknowledging that the remaining amount of the secondary cell 162 is equal to or more
than a predetermined threshold, the judgment unit 72 judges that the power left in the
secondary cell 162 is enough to enable the BAT converter 6b to supply the output current
Iob. By contrast, upon acknowledging that the remaining amount of the secondary cell 162
is less than the predetermined threshold, the judgment unit 72 judges that the power left in
the secondary cell 162 is not enough to enable the BAT converter 6b to supply the output

current Tob.

[0070]
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As shown in FIG 1, the nonitoring device 7 includes a |oad current neter
(load current detecting neans) 70, a renaining anmount nmeter 71, a judgnent
unit 72, the control unit (controlling means) 73. The load current nmeter 70
is configured to neasure a |load current IL supplied to the DC device 102.

fange of eathe S unlEEiedt cddiehPe b ULM pRRn Bl S BT R RRIR LOR! 2, Bover
r MBI Ni NG RHMUBHoWB &vickd (3, 8) GO IIUIRRbC Q0IRARLEEa: 1b 8NRIdN HGieMTEMAL Of
power in the secondary cell 162. The judgnent unit 72 is configured to

j udge whdjtves arosutpat ofteheh pageri deuide (H)16) irhespoid tethrerdenided hmoeats ur €be by t he
| oad current neter 70 exceeds an after-nmentioned optimal current nagnitude
I m The cewfmelrulit Thiransgits thedasitiqjionedescobmgribe slagpradgqeighp euipat sfrrene

t put t 102 of h devi 6 066] . The | d

ot Pont Th e Mol M grraar ot Pemdueser HE e Hapy s insrebdf g d 35,
t | | S. 1 i devi 102.

current Ale%%cgg%gg cﬁﬁec%ggﬁrﬁhlgg}g@%gﬁumfgwmagt Qfrrdfi§oPC devi ces

For exanple, cur nme I's conflgured to neasure a

CONSUNPLAIRM &kl Bhe REtrAaEdh By B84 intthetdl Ahowht AEBEIRE QA diRehdt biR vblpdgRr val
while the power supply apparatus 3 is in operation (the power supply

appar at usn@rizdgpn €8 peywtude of theeoubGitdaviene IdR) 2 Besiker; tieemstrutteon isadt cur r ent
meter 70 is configured to determne the |load current IL by calcuylating the
sum of timitedetasuriarpericahamemtt dsAnigrthe magnityfpoiihe qetraf fuert 1o? fethent er val
may be a ti i nterval, ( .,.a few mlliseconds) eno to enable a

| oad- f olSfS ﬁ@w‘é’b(gervé‘iei(;on&‘hg'mfguc{lﬂ’é mag Ly AP ER d e ‘élﬁjtg(l%g nine CIRFERTEEd to
measur e amaniude ok guritsst value) JO of a current (load current IL)

fl ow ng throug the DC supply Iine WIc and out put a nmeasurenent indicative
of the measured nmagnitude. [0067] The remai ni ng anount neter 71
nmeasures an out put voltage and an output current of the secondary cell 162

at the d5uk time interval while the power supply apparatus 3 is in

operation (the power supply._ apparatus 3 supplies power to th devi ce
102). Furt h&he CBH@“P@#&WH%SI ribirie e ot iR PHaE B ARAT

armunt ?r];aggu 1e1d O%ernsgg&(ﬂ{l%go tl}{e] iﬁsqguc?ﬁgggc%?ex ff’o%ll Jche]b%Ftrg{]lll i? 83 Ps%g T%%?{) a

det ecti on resu asurenent’s o put curren he out

vol t age)rhe [[BR98lerting amplifi&r dittdSBABLs tURikured th $n @Otk i GWuGsLittlta PPN with
receiving the neasurenent fromthe | oad current nmeter 70, judge whether or
not t heanes@baedf tieasitpeneitageYeettds CHE 6apthdal decvrase its onpgib ivoltiake Y

with a decrease of the output voltage V6 of the CPU 640.

[0072]

The current detector 60 has a differential amplifier circuit 606 interposed between the
voltage follower 604 and the resistor 605. The differential amplifier circuit 606 is
configured to supply, to the switching IC 620, the voltage V8 (=8 * (V7 - V4) (8 > 0)) which
is proportional to a difference voltage (= V7 - V4) between the output voltage V7 of the
non-inverting amplifier circuit 643 and the detection voltage V4 (the output voltage of the
voltage follower 604) of the current meter 60. Even if the detection voltage V4 is not
changed, the voltage V8 is increased as the output voltage V6 and the output voltage V7 are
increased in accordance with the instruction from the control unit 73. By contrast, the
voltage V8 supplied to the switching IC 620 is decreased as the output voltage V6 and the
output voltage V7 are decreased. It is noted that "B" is selected such that the switching IC

620 can make a calculation of the voltage V8 and the detection voltage V5.
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[ 0069] As described in the above, the judgnent unit 72 judges whet her
or not the load current IL has the magnitude greater than the optinal
current magnitude Im In addition, the judgnent unit 72 refers to the

remai ni ng anount of the power in the secondary cell 162 obtained by the
remai ni ng anount neter 71, and judges whether or not the secondary cell 162
st ores enough power enabling the second power device (BAT converter) 6b
connect ggpisp the secondary cell 162 to supply the output current o2 (Iob).
For exanpl e, upon acknow edgi ng that the remai ni ng anount of the secondary
cell 162 i sTagualtchiag O 680icohfigured tpowdet gremubedvidbr methdhtion sigeal] S&lignent
unit 72 judges that the power left in the secondary cell 162 is enough to
enabl e ttiﬂé swidhing Aedee 630- 6Bhe duiyuppp pf thee ubistpidth madwlarien sighal Biscont r ast |
upon acknow i ng, that the remaini anount. t he secondar ell, 162 is
"Bos hanere (redbretpen e et Ry o Rt e oo YiGd BR5 The
power |eff . ]e0Mda | (~ RG24 S e : t BAT
convert?re Eeét)lgrtl g(nga&%pl y g 'hgelxg%? eu(t JBcu‘r”f eﬁ{pﬁgb. i g%?%e?t g&{%@Lﬁ‘l'higngcont r ol

uni t 73 jhstak@Nivhan iRt dia gl ecp d&r7anvarmmy)0ts inowRsedtfiorba peedepingede fthem each
of the power devices (5, 6) to the DC devices 102 with regard to a whole
syst em samdhiadjl(626 immeanas phit dwf retdedl thonelse dedthceodBati@) sigral S@dpoeeet o

t he deci ded anpunt. The contr ol LGit 73 transmts_the instruction

prescri Bhagolase RGN UYE of * VR loubparecedingane)- | 83 contgastnuhepthsseltage means

64 of each,.sefo deyice 6, .Here, the instructi.on.m nuneri cal
amount !“Bec{ i y&%£€ﬁ?%a B ‘écr??ﬁﬁﬁfﬁoﬂla%plgf ecﬁﬁ f’%eutt %eu?mgcglrl? %(% .Eﬁ)p(?e'creaggs
Al ter naghyﬁw,mh@ B {HAS TG E AP mBEYIabEn SigRMNBY doGRkre AIRMB LoldRfel (RIBROVE- (V5
magni t ude of "a vol tage converted fromtﬁe magni t ude of the output current

| 02. Besiglevya))t(fahé psdcediagons). is not limted to a nunerical anount defining
t he magni tude of the output current lo2 of the second power device 6. The
instruction may be a nunerical anmount defining output power of the second
power d?vi cg 6. [0071] The CPU 640 shown in FIG 4 is configured to
out put 1P 46ut put voltage V6 having a magnitude corresponding to the
instructiongreceived. fromt.he eontrol, .Unit 7 ~

non-i nverti lf;%r %{;ﬁfﬂpﬁ?’ itféer Svgzlltcrhérﬁ% gevééf?)&{os} gggtﬁ%dl %ﬂe&iﬁﬁ?géﬁ%.c Ell)ehéess-emfcth s Sout put
vol t age g\Wficbddnaitd a5 ?&%ﬁ:ﬁ%th%%l&%ﬂm mY Pk AGEsi¥BalE2 fhig thPslviedtnand to
decrease its output voltage with a decrease of the output voltage V6 of
t he CPUI64R0 vi2007R]stor 635. Thkhile uhe ewmitcldet éoticr6380s haned ol the ewénhing|
amplifier circuit 606 interposed between the voltage fol |l ower 604 and the
resi st odewes630Tkrs ith foneqeerhectrisallypprpgefeasytodisidrging @gerebs, the iqugtar &d2t o

S ly, to.the switchin C 620, the volta V8, (= * (V7 - ,VA4 8> 0
oy ebmins i Mg el Sp Pt eat o { Sfeeudyten the Pkl atie. )

out put ygh Esaﬁ%ne\ﬁof%h% ?ﬁu@tgpl;bi]&ﬁgﬁ%r Jol t@ga%&ﬂmgteﬁiei&%hagﬁéi@&qr%i) o

detection vol tage e output voltage of the voltage follower

t he cur nmaptebyEiheinf vol@Vigfis it@edded eclliecaniseliageoVdsd ¥i2znotmedtaaged, t he
voltage V8 is increased as the output voltage V6 and the output voltage V7
are i nctieasechthingaepwitdafdeand tshoutihetddristheDCidemict 16&{seh&IGohtasdhe unit 73.
By contrast, the voltage V8 supplied to the switching IC 620 is decreased
as the outyytvolaget¥efe V6 and the output voltage V7 are decreased. It is
noted that "B" is selected such that the switching I C 620 can nake a-:

cal cul ation of the voltage V8 and the detection voltage V5.

[0075]

When the output current Io2 (the detection voltage V4) is increased, the voltage (= B *
V7 - (V5 + B * V4)) is decreased from a preceding one. In response, the switching IC 620
decreases the duty ratio of the pulse width modulation signal S2 to increase the voltage (= B
* V7 - (V5 + B * V4)) to the preceding one. As a result, the output voltage Vo2 (the
detection voltage V5) is decreased. When the output current Io2 (the detection voltage V4)

is decreased, the voltage (= B * V7 - (V5 + B * V4)) is increased from a preceding one. In
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[ 0073] The switching 1C 620 is configured to output the pulse wdth
nmodul ation signal S2 to the switching device 630. The duty ratio of the
pul se wi dth nodul ation signal S2 is selected (varied) such that a

difference voltage (= V8 - V5) between the voltage V8 and the detection

vol t age : .
For | nettaipabe. The sritihd ROBad Sdasetlne ghihafiogt iheftoddpylotn SERMGEORSHARE .
a_precediong ange thGo1H8k K£br*r\gz 1(€@5620+ Y 1 aRGTelddthgey Adhiresdf thhe pul se
wi dt h nodul ation signal S2 to reduce the voltage (= B * V7 - (V5 +13* V4))
(to t he quempceeditag Vofhe Bteddntvolisge VRheincdrdu@ed.ol tage (= 6 * V7 - (V5 +13*
V4)) is decreased froma preceding one, the switching I C 620 decreases the
duty ratio of the pulse width nodul ation signal S2 to increase the voltage
(=I:3* Ya (V5 + B* V4)) (to the preceding one). [0074] For exanpl e,
the SW t %“%g device 630 is a field-effect transistor. The sw tching device
630 has its C I f he
ui toni ng 1 &anpvh FEELHING BBRRER it Tt bk R E so R B
turned aRe vélfe TABHON N5dey + ¥a)) Gkt S t}letr&)ysliuﬂrfgeth@|o@€;11ftlcﬁﬁbhb/o&tﬁﬂﬂem ed
to its drain. Thereby, the inductor 632 continues to accunul ate
el ect r ovaljast dhareneigies (thereadtisics ofikenitg 2wt db? rpsthew) dale688sing t ur ned
of f, the inductor 632 djscharges the accunul ated el ectronagneti c energy
Ther eby menetomGaHstl IW}@/Z&@ oyitput voltpgg. Ve wih antRerepsey o dhe puBut cwsmtdge Vi 2
i s snoot hed by the snpothing capacitor 634 and is outputted to the DC
device 102 (see FIG 1) as the output voltage Vo2. [0075] When t he
out put ¢ag77ent 102 (the detection voltage V4) is increased, the voltage (=
B* V7 - (V5 +13* V4)) is decreased froma preceding one. In response, the
swi t chi ng | Thé&RRe HRledacias efthi hatmittcyirieat-owtp of vdltzage phd1aetevsdésvf Mhdsdcadd on
signal S2 to increase the voltage (=B * V7 - (Vo + B* V4)) to the
pr ecedi mgwendevia$ kasragsiptarsectipe point pith a/bdlet i@é'@amof(ﬁhh eutmt eetrpRinouipit age
V5) is decreased. Wen t utput cyrrent (t he |on voltage V4) is
decr eas &gt a&e@awﬁras&gs l‘l-]t?’B wshppwer E%C“'ﬁ e\ffif?l)e ‘("g QP FEEm a
pr ecedi .on response n S ty ratio
o ‘the BaTGeciith e m%t.l%nnwﬁ.ﬁgt%iﬁs%% & éeed%if’g%&ftﬁ?;ﬁ Vt%ztséé‘?’% YT
(V5 + Bedordhhledtwith ﬂf'e Rt \g&&%ﬂﬂﬁge V0L of S fRst Rk Heviths QUnREGucyial ! hge Vo2
(the detection voltage IS 1 ncreased.

output current Io2 has its magmtude corresponding to the output voltage Vo2 which has the

same magnitude as the output voltage Vol.

[0078]

When the output current Io2 decreases, the output voltage Vo2 varies depending on
the output current-output voltage characteristics shown in FIG. 6, thereby temporarily
increasing (see (A) in FIG. 6). As seen from the above, the output current Io2 is increased
with an increase of the output voltage Vo2. As a result, the detection voltage V4 also
increases (see (B) in FIG. 6). The duty ratio of the pulse width modulation signal S2
decreases because the voltage (=8 * V7 - (V5 + B * V4)) decreases with an increase of the
detection voltage V4. Consequently, the output voltage Vo2 (the detection voltage V5)
decreases (see (C) in FIG. 6). Thus, the output voltage Vo2 becomes identical to the output

voltage Vol.

[0079]
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[ 0076] As shown in (a) of FIG 5, the second power device 6 nmakes a
f eedback control to keep the voltage (=B * V7 - (V5 + B * V4)) constant,
t her eby having the out put current-output voltage characteristics (a
characteristics of keeping Vo2 + a * 102 constant) of decreasing

ot o Wb BERY buklif 185 R L0 A ARpAPEIMEE VoBDaliREAGRRERE0n" e

out put curr ne I |ca rve

current QUL ks ylﬁlrérﬁ%tﬁn%ﬁsgeeéﬂawt@&st% shéien SECRNG, PRV t@ﬁﬁbbfé@ﬂ@ has an
intersection point with I'ine indicative of the output current-output

vol t age dehanéat Gek D) 1@3?1(% 6L hesfseérsiropaheabaeywhen the olingutablings Vothen t he
second power device 6 is used in conbination with the first power device 5,
t he out plgtregssist hgeuion cusreebbﬂdllemaa@é wits i resudt, thet dntectippvokigge Nbhlsef t he

mgni t bAETRBRe Cgﬁbwﬂfﬁ B R s rbags s i ates e Sre
magni tude as Lh e a%lélé the vo}‘cg% ﬁa‘qg o (()\étl’ 9%7*84'4)) creag% ERith g%e%%t&u&f T rent

102 decreases, varies depending on the output

current QiAbk vaapigfagp @hﬁgeag&&w $hd Gtp SN OIMAgE Wob (e dBtectibietathigetviporari ly

i ncreasing (see ( in FIG 6). As seen fromthe above, the output current
102 is iinaesaséde Wtih FAG. @ncThasehmﬁuWMEv@u@pszmeﬂm&gedaﬁﬁalwghaouENGIt
the detection voltage V4 also increases (see (B) in FIG 6). The duty ratio
of the paltage V@ldt h nodul ati on signal S2 decreases because the voltage (= B
* V7 - (V5 +13* V4)) decreases with an increase of the detection voltage
V4. Consequently, the output voltage Vo2 (the detection voltage V5)
decreasq?k& gsee (C) in FIG 6). Thus, the output voltage Vo2 becones

identic to the output voltage Vol. [0079] - 24 -

Next, an explanation referring to FIG. 7 is made to an instance where the second
power device 6 receives the instruction from the control unit 73. For example, when the
total consumption current (load current Ir) of the DC devices 102 increases, the control unit
73 provides to the second power device 6 the instruction so as to increase the output current
TIo2 yet keep the output voltage Vo2 (the detection voltage V5) constant. In response to the
instruction, the output voltage V7 and the voltage V8 (= B * V7 - V4)) are increased.
Consequently, since the voltage (= B * V7 - (V5 + B * V4)) is increased, the duty ratio of the
pulse width modulation signal S2 is increased. As a result, the output voltage Vo2
temporarily exceeds the output voltage Vol (see (A) in FIG. 7). This operation means
adding a predetermined voltage to the output voltage Vo2 of the second power device 6.
When the output voltage Vo2 is increased by the addition of the predetermined voltage, the
output current Io2 (the detection voltage V4) is also increased (see (B) in FIG. 7). Since the
voltage (=B * V7 - (V5 + B * V4)) decreases with an increase of the detection voltage V4, the
duty ratio of the pulse width modulation signal S2 is decreased. Consequently, the output
voltage Vo2 is lowered (see (C) in FIG. 7). The second power device 6 repeats this
operation. Thereby, the output voltage Vo2 becomes identical to the output voltage Vol in
due course. As a result, the line indicative of the output current-output voltage
characteristics of the second power device 6 is shifted in order to obtain the output current
To2 at intersections with the line indicative of constant voltage characteristics (the output

current-output voltage characteristics of the first power device 5), thus obtained output
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When the output current 102 increases, the output voltage Vo2 varies
dependi ng on the output current-output voltage characteristics shown in
FIG 6, thereby tenporarily decreasing (see (D) in FIG 6). As seen from

t he above, when the output voltage Vo2 decreases, the output current 102
decr eases, aresult, the detectdon volt ee (E) in
FIG 6) .cuﬁrﬁ?ﬁ&f }f/mga ei%utglflt (ftﬁléengﬁ és%)rﬁsﬁ?lhﬁ%@ﬁigﬂ Sgﬁlcgﬁrggtgl?%g%elﬁtrsmr eases
because fhe;v@kipoge (= B * V7 - (V5 + B * V4)) increases with a decrease of
t he detection voltage V4. Consequently, the output voltage Vo2 (the
detection voltage V5) increases (see (F) in FIG 6). Thus, the output

vol tage Vo2 becones identical to the output voltage Vol. [0080] Next ,
an expl d0ftllon referring to FIG 7 is made to an instance where the second

power device 6 receives the instructjon fromthe contraql _unit. 73. For
Al . whEfF PHERG NG bn gt TBR: blerisntes 0o o #ahes Pioyids e e o

devices 102.i ncreases,. the N+ ol A Vi t r
devi ce bse(foﬁlg PPRSt TUC eiGO%lesl%S%gus&]tog Nt %gtoe%escgea? (%1%eoogﬁgﬁttcgé%??éﬁ%%?%gepsg%ekeep
the out RYty ¢ QbLkAGEVIORhd ddEtBaLBRASOMEMBhIARE YR yesponet@he insfrut@SRERSE t O
the instruction, the output voltage V7 and the voltage V8 (= B * V7 - V4))
ar e i ncroegsedoltGeriEeauktielvwltagd Vg &= B W& Ol Dbae decrelsetl. \Ponseéntly, 8inte V4) )
is increased, the dut%/ ratio of the pul se wi dth nodul ation si‘_gnal S2 is

B Ce%

i ncr easéhe voltaea 7 BEWNT - (VBHeB HVeH i desstaseddhe/dotyrraip of Hreinyseaxigdileds t he
tput volt Vol A in FI.G 7). Thi i ddj
o ot B ol 8T ol et e b BB SR ERRR A e co

6. VWen b%f&% tgg\t(l)g tu‘c \Gglltz;gt%%l\@&p('g? ix.{ Rfd& 89S eﬁll?)ﬁ%érgﬁoﬁg@aﬁé _Qt{btpjctﬂl g

predeterm ned vol'tage, the out current 102 (the detection voltage V4) is
al so i NeraRsathiksER1aBy fiom thk Gutplt volbh 0¥ dTehd/ cbiedipow(ct dBvite §7 WheNS + B *
V4)) decreases with an increase of the detection voltage V4, the duty ratio
of the pd sgpwi diltageyollisaddcorased hnitle SBtriasticheeftbapeed eteOniredgolingd, yhe t he

out put voltage Vo2 is lowered (see (O .in FIG 7). The se d_,power device
6 repeatogtpt“ﬁi‘”é”%‘eﬁoﬁ?‘ih@rﬁi.eteffﬁ@? é‘ﬂ%gemlﬁﬁ;}?‘bﬁcr‘%ﬁ@?@ (g di‘%ﬁgc@rre NCBent i cal

to the t vol Lagqe Vel ih, .cour se, . resul the l.ine. indikgative
of the gfi’Jﬁ goﬂéag?, g_r beﬁlﬁ o(ng [-)'-lﬁ] %ﬁtné%%asg%g%@f: erl St 8@7}18#1 efeﬁjcel&g‘é(g%a%g \glgwer
device 6d §ut§r}h€1$ 6€khie Dul 48 A tH Bo®RLAINsiERA UL PhtbeEHl QYnsbQRndY, the
intersections wth the line indicative of constant voltage characteristics
(t he oubptput SoltdgMo2dk kxidd el FageFiihan acTler destndosonad detiee 6 ireshtyihiser
device 5), thus obtained output current reaching the output current |02
cor r espopditign.t dlhenebyi Het qugenti woitage Me2 besomen idertigalite threoutpyt valipge Vpl in

For exanple, when the |load current |JL creases, the control unit 73

provi de§Uf 64 He s@@oﬁﬁulfycfgéimaé‘%ﬂ??é“@ Og THRY Y et 'ﬂu?blgc 5@“’1‘%‘3 decrease the
out put ¢ t. : - e ( ' t age
U5) " con BTl s B p R DB e R O A e e
vol t age 1388 t(imtedsecMdns with the BREIndRGLCASEHnstEANSAHER RhActeSistlELthdoutyal t age
(=6 * V7 - (Vo +6 * V4)) is decreased, the duty ratio of the pulse width
nmodul at camrest-gnpht BXaps cltteactestia.of Ase first powditdevich &), shupelitainefl bageit Vo2
tenporarily falls bel ow the output voltage, Vol gs_ee (Dé in FIG 7). This
oper at i Owrrpaiaisaching theatp Hguarent Ifersierr MERa/0Ithastiucem (the ceiemut vol t age
Vo2 of the sce(EOﬂ)g power device 6. \Wen the output voltage Vo2 is decreased
by the SHBI'HHCEITOn of the predeternined vol tage, the output current |02
(the detection voltage V4) is also decreased (see (E) in FIG 7). Since the
voltage (=6 * V7 - (V5 + 6 * V4)) increases with a decrease of the

det ecti posypl tage V4, the duty ratio of the pul se wi dth nodul ati on signal
S2 is increased. Consequently, the output voltage Vo2 is raised (see (F) in
FIG 7). Thés seodrh fowdovddhe ediustnenp ezags fhisconfenistitornpoTieqesnys thene
out put vol tatge Vo2 becones identical to the)\ qut p@%{ vol ta%(?a Vok1 in due

cour se. grugtipr &g the copdroliungt copfrelling peany Brmoditi » endaen eitbe out put

vol tage.characteristics of th ecand, power. iC ' i f [ der to
obt o b PRAGATH D, pEE B R FSRRPE SRR A0 o Bo P hBingl B U2
const anﬁns}/ﬁlcﬁi@rg@itﬁgéﬂ'%%ﬁ%'tﬁé b uf 1418158 WoRUT TRULRRNOMENH 644l 8 GRe
characteristics of the Tirst power device 5), thus obtained output current
r eachi ngpriditgoroafttpelinctiniti@ndonti@PsCAy toak [fotiti Ing indichtiee éfithé puipint on (t he
current magni tude JO). [0082]
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As seen fromthe above, the adjustnent nmeans 64 is configured to, upon
receiving the instruction fromthe control unit (controlling neans) 73,
nodi fy a condition of the inclination control so as to adjust the out put
current 102 to a current correspondi ng to the instructi on without varying
t he out put Vo 2. The stl it ] of the
incli natclul(")rﬁn Y(}{P e ghatag enlﬁH ?I%Ot T nér(?s'h I?S\%/%%gr?ea%ggqgﬁjdtl%gﬁ
current t%%fonx%g@eﬁfen@GP{}@q{n‘érlh&Ezit% of'tl@e (qxtia@trcmmutgmomigeustl ng means
64 makes a transl ational novenent of the line indicative of the out put

cur r ent chutaptérisvied.t age characteristics. [0083] I rrespective of
shifting the output current-output voltage characteristics of the second
power device 6, the output voltage Vo2 is coordinated with the output

vol tage Vol .of the first power device 5. Therefore, the output current 102
has its Wﬁl tude corresponding to the output voltage Vo2 which has the

same magni t i} de astn;eho B %119 uEhe ou;]%: %g:%rxggt 8ut%99.§c§uagg characf%? flr:sd(ﬂfqgers {)('?ei (s

rre
af or ement i onéd '¢ont i gura secon evi ce I'sS enabled to s

out put  GURELIMVIQRW, Pid od’c@htt @ﬁ’ﬁg@ Nag acdosFdiSdtbE Hithht h@tplﬁ‘ﬁsbﬁagédelhﬂ the
instruction received fromthe control unit 73, as shown in FIG 7. Even

after t Hestouvheudedes 5. erﬂthemfbxpazutheumltptagmrmhaicﬂdtaentssnamm@lp eoghspondukg to he
second power device 6 provides its output volta Vo2 identical to the

out put ¢ petgat vatageVoR neigh hastthp sgae menitade s t Wé‘FIéftd(PE?gec Yl out put
current 102 which is outputted fromthe second device 6 when the out put

vol tage Vo2 has the sane nmagni tude as the output voltage Vol can be

provi de q] the DC devi ce 102. Consequently, even if the load current IL is
vari ed, ? e power supply apparatus 3 can sel ect the magnitude of the output
current 1o2At@rdigaehtisassashepavRId @efEGatibn,idaciredcohd Wetide 6 kenhblad t€ shiftent
IL. In addition, the output voltage Vo2 can be kept constant because the
second piswetpuevireet-Guthatviltage obidppoterivis e Vogis kbite ingfemtionakcaivedt he

out put voltage Vol of the first power device 5 even if the | oad current I L
changes fiopstheggnirelinat 7% H‘érsé?%li‘éﬂmq |SE§6%§ftfo‘1 etoBtH’r‘éIEBrr§f“é?)‘I‘t8ub

suppl y. %g%rgtﬁ’%gls% arﬁlsé\fteeglq\ﬁ Sfal,;o olve ev1ce (? ;F))rov%es a0 u%xgllt%éa\}d 20N | s made

to an | e output curren voltage

charact fdn${h1Gs tgé ol Gt §ﬁ9a%@dzoﬁqm{e fﬂ@ﬁ’f)(ﬁiﬁer@evégg (’bﬂer@ﬂ@é’\@hé hepayt put
current-output voltage characteristics of the first power device 5. As

shown i Bufrént R WHih isDutpiped @ ehviebghd heidestiidncthe ontynt @sltageiVePghdashe
magnitude 111 fromthe control unit 73, the second device 6 translates the
li ne i ndhcsmymagiitudresdhe putpus ueltazetVodisepbe Pyolidedde the DC device 102.

Consequently, even if the load current Iy, is varied, the power supply apparatus 3 can select
the magnitude of the output current Io2 for each second power device 6 in match with the
load current I. In addition, the output voltage Vo2 can be kept constant because the
second power device 6 has its output voltage Vo2 kept identical to the output voltage Vol of
the first power device 5 even if the load current Ir, changes its magnitude. Therefore, it is

possible to make stable power supply for the DC device 102.

[0085]

The following explanation is made to an instance. In FIG. 5, (a) shows the output
current-output voltage characteristics of the second power device 6, and (b) shows the
output current-output voltage characteristics of the first power device 5. As shown in (¢) of
FIG. 5, upon receiving the instruction prescribing the magnitude I11 from the control unit

73, the second device 6 translates the line indicative of the output current-output voltage
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characteristics as indicated by an arrowin (c) of FIG 5, thereby

I ncreasing the nagni tude of the output current 102 of the second device 6
fromthe magnitude 112 to the nagnitude I11. [0086] The second power
device 6 has a configuration for nonotonically decreasing the output

Lo hge el AR RARS st hF D] oS S By kool BeSRIREHERL | o7

can be i | cation tot the first
power dey Hﬁaeouﬁpﬂrbluyre\ﬂ't i (ﬁ%ﬁ@@cbﬁiﬁd&rﬁcef%ﬁ(mé Ha%ﬂﬁhd@ﬁ@tﬁ thd 8087ludthe next
expl anation i1s made to the nonitoring device 7 shown in FIG 1. In the

fol | ow ngi.expl anation, the optimal current magnitude Imis defined as the
magni t ude of the output current lol of the first power device 5 operating
with its maxi mum power-conversion efficiency. In other words, the opti nal
current[&%%?itude Imis defined as a nagnitude of

The second power device 6 has a configuration for monotonically decreasing the output
voltage Vo2 with an increase of the output current Io2. This configuration can be
implemented by slight modification to the configuration of the first power device 5 only with

exception of few additional parts.

[0087]

The next explanation is made to the monitoring device 7 shown in FIG. 1. In the
following explanation, the optimal current magnitude Im is defined as the magnitude of the
output current Iol of the first power device 5 operating with its maximum power-conversion
efficiency. In other words, the optimal current magnitude Im is defined as a magnitude of
a current (the output current Iol) which is outputted to the DC supply line Wdc from the
first power device 5 operating with its maximum power-conversion efficiency. For example,
the conversion efficiency of the first power device 5 is defined as a proportion (= POUT /
PIN) of power POUT to power PIN. The power POUT is defined as power supplied from
the first power device 5 to the DC supply line Wde. The power PIN is defined as power

supplied from the commercial power source AC to the first power device 5.

[0088]

In the present embodiment, the control unit 78 is configured to, upon acknowledging
that the judgment unit 72 determines that the measurement (the magnitude of the load
current I) exceeds the optimal current magnitude Im, send the instruction to the second
power device 6 such that the current (= Ioa + Iob + Ioc) supplied from the second power unit
to the DC power line Wdc is identical to the difference between the measurement and the

optimal current magnitude Im.

[0089]
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a current (the output current To |) which is outputted to the DC supply
line Wic fromthe first power device 5 operating with its nmaxi num
power - conversi on efficiency. For exanple, the conversion efficiency of the
first power device 5 is defined as a proportion (= POUT / PIN) of power

POUT t PIN. Th P s defi i h
0o o B AR RR o RIS PR BB % Logh

first power "device supp I“ne I ned as

pover syppldadylRbhe 70 QRITRAS HR opBesE bu SO B et adeAnt, PR ddntidt uRi@WB o
device 5. [0088] In the present enbodi ment, the control unit 73 is

conf i gurigé no@itotip® BevdekNarah Qags thiftHahe tiheijdiudgre of thenutpuf 2udehesuwipnes t hat
the nmeasurenent (the magnitude of the load current 1L) exceeds the optinal
current volged thadectémytics dnatse pithp adiusting imsans 64 tshel legsbwesonddpiver 6
such that the current. (= loa + |obh + Toe) supplied.fromthe second power
uni t t o derise Beugbihal the P yigrrent &‘H]e?fttﬁ%éFSttPBQ’f"h‘gevé‘ief% léﬁsetﬂﬁ &1B8t ween t he
measur enent .and the aoptimal current. { tud rief,
upon acﬁ%%%f%lafﬁgui afnﬁﬁgmﬁ%gﬁ?%ﬁ%% g%l%%é%?%ggn%ggggﬁﬁmrfuﬁgggﬂfgd by

the | oadeGabfil ohBlifbd FOEME B8 HBRORLVIdBE HaVinkaAtir BBGUk Lilgsek Wo2t he
control unit 73 of the nmonitoring device 7 translates (shifts) the line

i ndi cat iedealab thdreutput piltage Mol efthedirkippitwer detiagd hah threaahermagnipslely thse of
the adjusting nmeans 64 (see FIG 4) of each second power device 6 such that
t he out phifferengerhetiveenghe afagniads phrtbe losdverreabls ansl the g mahersetandadiide ude
as the E@inal current magnitude Im(i.e., the sumof the output currents

| 02 resg tively outputted fromthe second power devices 6 having their

out put voltages Vo2 equal to the output voltage Vol of the first power
device 5 has the sane magnitude as the difference between the nagnitude of
the |l oadoagggeirent IL and the optimal current magnitude Im. [0089]

By contrast, upon acknowledging that the measurement 10 falls below the optimal
current magnitude Im, the control unit 73 controls the second power unit 8 to terminate
supplying the current to the DC supply line Wde. For example, upon acknowledging that
the measurement IO falls below the optimal current magnitude Im, the control unit 73
sends an output termination signal to each second power device 6 of the second power unit
8. The second power device 6 is configured to, upon receiving the output termination

signal, terminate supplying the output current Io2.

[0091]
Next, an explanation referring FIGS. 8 and 9 is made to an operation of the power

supply apparatus 8 in accordance with the present embodiment.

[0092]

First, the load current meter 70 measures the magnitude I0 of the load current Ir, (S1
in FIG. 8). Next, the judgment unit 72 judges whether or not the magnitude I0 of the load
current I1. is greater than the optimal current magnitude Im (S2). When the magnitude I0
is greater than the optimal current magnitude Im, the control unit 73 sends, to the PV
converter 6a, the instruction such that the magnitude of the output current Ioa of the PV

converter 6a is identical to the difference between the magnitude 10 and the optimal current

_29_



By contrast, upon acknow edgi ng that the neasurenent TO falls bel ow the
optimal current magnitude Im the control unit 73 controls the second power
unit 8 to termnate supplying the current to the DC supply |ine Wic. For
exanpl e, upon acknow edgi ng that the nmeasurenent TO falls bel ow the opti nal

current unit 73 end a

si gnal %é(‘f‘ﬁe 218 d’ﬁg 5@‘3\%‘?30%%(7 RoweE e Ph Y essé)cagr?gu ggilvggé)um £ n;é? iLV?&second
pover d‘%}{é fiRpRiclich ﬁ‘QxﬁfthQU(;rﬁijoltu%t HpaR PR EIvYHDP64 k&tmg leyadjherrrg RAdddson
signal, termnate supplying the output current I|o2. 91] Next, an

expl anatg4ap nia&t ehd trafslidiésSmoBerdéitd of theslinwbidichidvedt tb@edit@ht onraft- du]ﬁl&ltpOV\El’
supply apparatus 3 in accordance with the present enbodi nent. [0092]
First, thbageoddrateristios Ofrtéreé’rV ROV enterstis elserebyesumab’ma theeuTiotshrmeptldagad

current IL (SI in FIG .. Next, the j d? nit 7ﬁ ei et her or not
t he nagr]ihat’%éts?@%?t“@ﬁedqnéﬁﬂl tope @rfﬁerqnl‘fe te fhe er‘erﬁ% B%\ﬁ mal current
magni tude Im (S2). Wen the magnitude TO|s greater than the optinal

current magnitude Im the control unit 73 sends, to the PV converter 6a,

the instggyelion such that the nmagnitude of the output current loa of the PV
converter 6a is identical to the difference between the magnitude TO and
the opti nal Asuhdvenin (bNeGIGL Qdehdmhsihdnimuiheagniaidedibloé thpomgputraungat &da t he

solar cell 161. (S3). Upon receivi ngf the instruction fromthe control unit
73, t he optheddVivmmerser Gmisdemithan thy differenpe) St H0nJrilieand 06 4m I HARE. thee

VoIt age CEHA GG SPIC BBy b o i B SERUEIg Sy e
OUL PUL - G4 G BhARALNGH LS IPALANAR, BABILIG b 9t A ERRR{ = TO -

nmaxi NUMERGREAES Fomahe tdRrQULRUS, HéBANtorveReObb tdherdBMite adjustiiLihediss | S
| ess than the difference (= TO - Irr) (i.e., TO- Im>Ti) ($S4), the control

uni t 73 6dendske hige irasdlatiot movenantofitheBAE iodinstave d@rth§butput bnrrdrdgtoutieg out put
current lob of the BAT converter 6b has the magnitude 12 ¥12 =TO:- Im-
Ti) (S5yoltagseharastaistichef tha S A eonyercen @hn therehn f’t‘W@ Iyashihesutrpicpreest Igbhe BAT

converter 6b qu‘}arﬁﬁllgg(fen@%{}gﬁ @g dg?g? ﬁ§§8ﬁf}%‘”}8 (%l% géhgz transl ation

nmovenen aﬁllngt put’ CuFrent-oltput voltage
characteristics of the BAT converter 6b, thereby supplying the output
current Job having the magnitude 12 to the DC device 102 as shown in (c) of

FIG 9. [0094]
According to the steps S3 to S5, the PV converter 6a is used for compensating for the
difference (= I0 - Im) prior to the BAT converter 6b. Therefore, it is possible to promote

energy conservation.

[0095]

A next explanation is made to an alternative example of the steps S4 and S5. Upon
receiving the difference (= I0 - Im), the control unit 73 may make instant judgment on the
basis of calculation. That is, the control unit 73 judges whether or not the maximum
magnitude I1 of the output current Ioa supplied from the PV converter 6a at the present
insolation condition is less than the difference. Upon acknowledging that the maximum
magnitude I1 is less than the difference, the control unit 73 calculates the current
magnitude I2 defining the magnitude of the output current Iob of the BAT converter 6b.
Then, the control unit 73 sends the instruction to the PV converter 6a such that the PV

converter 6a supplies the output current Ioa of the maximum magnitude I1 as well as sends
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[ 0094] According to the steps S3 to S5, the PV converter 6a is used
for conpensating for the difference (= TO- Im prior to the BAT converter
6b. Therefore, it is possible to pronote energy conservation. [0095] A
next explanation is nade to an alternative exanple of the steps S4 and S5.

Upon receiving the diffgrence (= TO-.1m, .t ontrol anit 73 e

i nst ant t %H{iffg‘ﬁ{m%ﬁj ?‘ﬁge%lg%oflger? (:tli’a uéhltg%tit(})’ﬁ% hatv§est hsélpglcl)%sttr%g?éuﬁﬁﬁ%t 73
j udges ‘évﬂfxtenﬁfob%tﬂg)/ﬂla%ﬂﬁldﬁéi mum nmagni tude i of the output current |oa
supplie romthe converter 6a at the present insolation condition is

| ess than the difference. Upon acknow edgi ng that the maxi num magni tude Ti
is less than the difference, the control unit 73 calculates the current
magni tud@OQg deLi ning the nagnitude of the output current |ob of the BAT
converter . Then, the control unit 73 _.sends the instruction to the PV
converter 6Aheisafen fhe fitshaowsy degicg Srsprplicsthe gpimmt é‘é”f"ﬁel°iﬂ%§\§t°p&‘ﬁl'a? ent |oa

f th ' | t.ud [ | | i ICt A
of Lhe TRLIUID 10N MOR Tl 1A% YELASeRNAR, ool IPRANGIY Ol e BAT

converter I es e ou t current Job

of the %Bs@lﬁi“ttagggn&?the QHRRY havin% thg;lgbﬁ'i gBkhRLde 1006 shp IRl ABRYEKe PiEVi Ce 5

supplies the output current o the optimal current magnitude Imto the
DC devi ¢en@2r 680hd tHhBATIcosterpote Fadeviher ontiparpenrsatles ahdilola Fherdfage
until the current having the total magnitude TO is supplied after the PV
conver t @oweaisancessfoll Baibrdien vethedpadsthe B degice HB2%  out put currents [oa and
Job. Therefore, power is successfully supplied to the |oad (the DC device
102). [0097]

[0097]
With regard to the step S2, when the magnitude I0 of the load current IL is not greater

than the optimal current magnitude Im, the control unit 73 controls each second power
device 6 such that each power device 6 terminates supplying power. Thus, the first power

device 5 supplies the output current Iol of the magnitude I0 to the DC device 102 (S6).

[0098]

With regard to the step S4, when the difference current (the load current minus the
current having the optimal current magnitude) has the same magnitude as the output
current Ioa of the PV converter 6a, the control unit 73 deactivates the second power devices
(the BAT converter 6b and the FC converter 6¢) other than the PV converter 6a.
Consequently, the first power device 5 supplies the output current Iol of the optimal
current magnitude Im to the DC device 102 (S6). In this situation, the control unit 73
transmits the instruction to the second power device 6a and sends the output termination

signal to the remaining second power devices 6b and 6c.

[0099]

The power supply apparatus 3 of the present embodiment performs the
aforementioned operation. Therefore, in response to an increase of the load current Ir, the
power supply apparatus 3 increases a total magnitude of the output currents Ioa and Iob of

the PV and BAT converters 6a and 6b by an extent of the increase of the load current Ir.
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Wth regard to the step S2, when the magnitude TO of the load current IL is
not greater than the optiml current magnitude Im the control unit 73
control s each second power device 6 such that each power device 6

term nates supplying power. Thus, the first power device 5 supplies the

out put rrent. 1ol of the, magnit JOto t devi 02 0098
Wth regzué‘rr ef’dntrﬁsé’og?e_etﬁ @f,crﬂ%ﬁ%ﬂ%t?‘%éoagicfl ?rgpgﬁ‘cglce uogv\réiléﬁgpl%l?’ ﬁ%éa[%gguc? 5'{:ur r e]nt
m nus t gigcr%ggers €A +JBAh Ahifuld€ o@me'azq%ut]scuhrﬁﬁmxogag@ idpiciehe PESliEABaME

nmagni t u as the output” current loa of the PV converter 6a, the control
unit 73 g@aslryed £5d 6By s 6008t Fane dedeate 0 che(lbitciBAdhtdoNVWEhéededbdnsand t he
FC converter 6¢) other than the PV converter 6a. Consequently, the first
power deké trbalSmagnipide @fthelvatpuitcpatentulion @nd Iohpofithe P Viand parapriexsrbacand
magnitude Imto the DC device 102 (S6). In this situation,. t control unit
73"t r an$hi the Power sHPLY HRAJTYHS @dn%shéec BARF PO UGy i%b %&h%ﬁg'l‘scaﬂ‘éegteﬁhe

out put term natjon signal to.the, reggining second power devices 6b and 6c.
[ 0099] Fﬁ@rﬁﬁ&ébméﬁ%ﬁﬁ “Qﬁﬁﬁ?ﬁfﬁéh oFmPﬁgBEE%sent enbodi nent perforns the

af orenenti oned operation. Therefore, in response to an increase of the |oad
current IL, the power supply apparatus 3 increases a total magnitude of the
out put doroognts | oa and Job of the PV and BAT converters 6a and 6b by an
extent of the increase of the load current IL. Further, in response to a
decrease of Thhpowearatpplyrapearatiy 3 maydesonieguredipprayioamghe gperétisndecr eases t he

total magnitud f t out put rrents | o nd Job, of .t he.PV.and BAT

Sﬁnve (rj t é?@e%vegph@e:aﬁggy t]é‘hgté% @ﬁfo %‘Pretgﬁ r@e@? %Bge%eﬁefrmt‘%egi W%%&‘%S{Yra ent | L.
en deggeasi-ng. t ot.al . j e nt Job of

the Py Suat BT LGl Rl MO P S R S PR B 20

decreas %i‘-i'ﬁ!ﬁor@waowpswa&a@my Jahe 6fl1 t1Be, BAT16DBY eid @hagfifuderdr fiie Tofd theetut put

current loa of the PV converter 6a. fol ool
IL. Besides, the predetermined time interval may be a time interval (e.g., a few
milliseconds) enough to enable the load-following operation. In addition, the power supply

apparatus 3 may perform the operations respectively defined by the steps S1 to S6

irrespective of the predetermined time interval.

[o101]

The power supply apparatus 3 of the present embodiment includes the commercial
power source dedicated power device (the first power device) 5, the one or more other power
devices (the second power devices) 6, the load current measuring means (the load current
meter) 70, and the controlling means (the control unit) 73. The commercial power source
dedicated power device (the first power device) 5 is configured to receive power from the
commercial power source AC and provide the output voltage Vol of a DC voltage which is a
constant voltage irrespective of the magnitude of the output current Iol. The other power
device 6 is configured to receive power and provide the output voltage Vo2 of a DC voltage
which is monotonically decreased with an increase of the output current Io2. The other
power device 6 is operated simultaneously with the first power device 5, thereby supplying
DC power to the load device 102. The load current meter 70 is configured to measure the
magnitude of the load current Ir, supplied to the load device 102. The controlling means 73

is configured to adjust the magnitude of the output current Io2 of the second power device 6.
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The power supply apparatus 3 nmay be configured to performthe operations
respectively defined by the steps Si to S6 regularly (at a predeterm ned
time interval). Wth this arrangenent, it is possible to adjust the output
current o2 in response to a variation of a supply capacity of the cel

(161, 16 63), or the magnitude of. the |.0ad current..lL. S|

pr edet eﬁﬁq ?R]etﬂn%li CﬁﬁreflEFlélgl\}l ’Tl&en@?/l (%ﬁéle(? iasrrjlcehei it nrl{}léi? 0% teh.ego.u.,tll’3 lgc c? gr\%ﬁt I(h_ho?

mi |17 seqRndsd SReHEN il &ali 4ife hatnd 8l AWrGen 0RRIAL] Mdredtn i ti on,

t he power supply apparatus 3 nmay performthe operations respectively

defi ned dyonihpwst @pSceS inkmdSEthierddpspidg tnhesds 8 colfyupstbat aistdta el hnare
interval. [0101] The power supply apparatus 3 of the present

enbodi mendicating] af dlesotthet commsootmit vplbeser chometaristide deforing thepwladiondetwesa (t he
first power device) 5, the one or nﬁée gthﬁr_pogﬁr devic%gég}ﬁé second
power débf eyt gurredod angthe futRin: voltage ¥P? AYr e M oPeh & ffaht neter)
70, and { he trollin ans h ontrol uni r.cl.aly, power
source §a$%§ﬁ%d‘ﬁgﬁéwﬂﬁ§§f§%n%9ﬁ§t§?F§'9%%§gﬁ%§%§§%g§n§nf§q§%ﬁ§#§J’ed to
recei ve {ROWRH chifem hbB&r&o RUEL G4 &e dpeeN c%%&ﬁaéﬁ%@@qwlﬁ@/&oﬁﬁrol hﬁlt qyt put

vol tage Vol of a DC voltage which is a constant voltage irrespective of the
magni t uddifef the hiee dudigittve o theamnitpdiccutrenThetpot hdtageaheractheisticeofatls second
configured to receive power and provide the output voltage Vo2 of a DC

vol t age pwhet flevies %ﬂ@%edﬁ ithwdjgstwcmwsseﬁf ek hhaérﬂ;? Ff&?]éla%@ibfdetori Eheqntpitit )

| 02. . i 6. i i Wi
FITEE™ smentrdos cbing oo Maby St sifiisyt abe Aeront tERieR dha i iehls dhop <
The 'Oa‘lh%@ﬁfc‘ﬁireﬂpﬁ%dgﬁe L&iﬁﬁ%{dr&&@g&gﬁﬁu&@g@”e the magni tude of the

| oad current supplied to the loa vice 1 The controlling means 73
is configured to adjust the magnitude of the output current 102 of the
second power device 6. An optinmal current nagnitude Imis defined as the
magni t udeldd the output current 1o 1 of the first power device 5 operating
at the maxi mum conversion efficiency thereqgf. The second power device 6

i ncl udes t hin efdrnwerdsgtheesirer suprboapnagaiuse! thy Ripsand pmbedieat Mckistes i cat i ve
of the t put cyrr.ent-output  voltage racteri stics defining the,relation
betmeen?#ﬁgxgﬁf ﬁ?“%%ﬁﬁ%ﬁ‘”?%?mgﬁ 1h§q§ﬁﬁﬁﬁfu§8 %%ﬁ%mwgflaﬁgfé%aﬁhe power
supply tQ,hhembRatzdlend £Reh3%ne MR YRaaaknowiodel neh thabnibRingRaAkt ude of the
| oad current 1L neasured %y the load current neter 70 exceeds the optinmal
current (saghl tde7d. MEathef thedirktolowenidevidas ahd thessetdrel pdwee unitd eatapedof t he
out put current-output voltage characteristics of each second power device 6
by use &6 b¢ tremached st fhegD Greardy B1e $dsto bpaennepted tto thd loathdeiiteufi2 apid it he

output currents 102 of fhe second devices 6 is identical t .he_dj fference
bet ween cOHeEuRed i Twaly B¢ rewer fodhg I‘E’Erdf’é]ﬁ? 1?%t}5ﬂ%sqt ﬁ’@ fﬁ@f?ﬂ?ﬁ?{ LE‘E nt

magni t u Lm. [010 .l n_other S at of
Tha. pr oabst o soAr hases iy bl (FS AMERe kiR RYNEInIBRLY (BREGLEHPLE.
unit 8, flofiend @PchehUhk B sUPB&SKHEd Wac ABABStplk OROMEANUFEREnt MO AL at R of bk

j udgi ng nmeans (judgnment unit) 72, and the controlling neans (control unit)
73. Eachahitibie (dureat npgnizudd d0 ofthe nandrddrarsec Ooal goweart) lini Th8judgiredapt ed

to be connected to the DC supply line Wic to be connected to the |oad

devi ce 1@2nafd iy eonbgwied gorupdnioblanippithe Deapenrentll frave theolaad sleverte 102

t hrough the DC supply. l.ine Wic. The ad.current measur| nmeans, 70 i s
configu rnée&s't‘rdn%’é’ﬁgﬁsr ’ZO, 1 eé’me?}é‘?ﬁor(rﬂogﬁﬁ O@g?lp%‘ﬁ?])easﬂfe?l%tv#%é ‘A otigh the DC
suppl y | SRUL ThheTHEASHLEHENi VIR d AduGHEh {EbOLorhbE e ABGfHet ude
(currenfbﬁgﬁﬁg%aﬁg?n#%io?’g%@ measur &d cur?%nt ?Ioa@&curreﬁ¥3 Iﬁ. Thg

j udgi ng comaREcidIPolwsr SotrEd MOI €hd Brst YPREr ERIRISNE BehfigheedRashivetpoiver]O from
the |l oad current neasuring nmeans 70, judge whether or not the obtained
measur enbtainefiGrex cleedsaméreiabpowersdourne rA@ tot therdfhpewedeso lambo Féréorid thst power

device 5 is adapted to be connected to the co rcial power_source AC. The
first péstantaipitage wnixol wpl;ymge‘aletcen%m@“ﬁ?g&mutd@ﬁaﬁé@lft? e Phe

conmer ci_al we aurce AC to.the oner so t : t ant
Vol t age “CuHl B ViR D o ek S e PR o B 1 P BB U P PO o
the DC $3¢pRly1y iRewHEC THY §3RSAhMENChakiiendeWt 8MHeAbLOUAPHHe HAU QAL bf 1R
supplied therefromto the supply Iine Wic. The optinmal current nagnitude
Imis defirb@doasut berrem) fé I whieh &f odtpetteditar D auppiuline Wide éin) tHedirstvhi ch i s
outputted to the DC supply line Wic fromthe first
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power device 5 operating the maxi mnum power-conversion efficiency thereof.
The second power unit 8 includes at |east one of the second power devices
6. The second power device 6 is configured to performthe inclination
control of nonotonically decreasing the output voltage Vo2 supplied

ther ef r oyt 0adiie SfpestR the lrﬁaﬂ&nmcpowe} BorAR SRR Roxthefddf AHERBLonAUT T ent
102 supplied therefromto the DC supply |Ine c, nonotonically

i ncr easipBget Mt euﬁdwies\a@hda@,g&le\&zha\setcbncap@aﬁrd@a@@ @f THeee Qi Pdtve £ Béviant
102. The controlling nmeans is configured to, upon acknow edging that the

j udgi ng 6re endigifeddetperformélse inhhbatidneconrabefmemmetiinichlly excreasisg theeowptti mal
current nagnltude In1 send the instruction to the second power device 6

such thé(f’ t%%?qu?aﬁﬁp iefidentirann i e emtrdtibpt Veg viito seaseeidhe opawer uni t

8t t di f.f t ude of
S e A s L e e
magni t ugdges Ll utiie:a3€ 89 4O eler A8Y bEGBut A HAGHT fo’ie A Lot oliGh JRENS 104

configured to adjust the output current I1o2 on the basis of the instruction
r ecei vedodfigamd ocusainddkabiicdgingRhatsthed fudgTiemadjsUret debg niiRethabéhe S
configured to, upon receiving the instruction fromthe controlling neans
73, nodinfepstiemenbHtéxceasty thé ontirmal qyetenh ataisoudohnrsshd ghe mstrugtiadjodbe t he

out put curr nt 1df to the current corrf poEdlng to thqﬁtgstr ction wi t hout
varyi ngSTC’HE Bﬁ‘t"if evieg (6rsygh thafshe pagpigyide of the cyiZenfoupplifddgom the reond oy e,

upon acknow Gk Boul.Rt svogr hRAAE 8 Mcal by BRI SndRAN' RS AEGRHRL 1 han

t he rrag rtu urren magni e ou urren

suppl i ediferaive Tchﬁ«eﬁﬂ) hetwdeRWRS md8MirERe Rt IOHAGRE BFkikAl éd}ﬁ'erpz ng%[tﬁu@tmpower
source AC and operating at the maxi num conversion efficiency, the apparatus

of the phesenhd gohadieviznts iadjhdistthe blipistingnichuid@4 afnfighedautagjnst theraugpit | 02
of each power device 6 such that the output current |lol of the first power

devi ce 5urr1iarst Tohen shaveasifefithe tnseruaon prseiypd fram the e?rrtétﬂhngrﬁ]gﬁm e The

Conseque erate the fir ice

o o lshthe et el Rrar ol B SRgh oSt Tat b S BN B on B ehailing mg ¢ na
the R cips 9fodianl AR GHT SRR ilckin TEAOURE B d S mgh VLT 70

is not greater thaf the optimal current nmagnitude I'm the con unit 73

cont r ol so2tthehseaesnd cpavRiondigtto GhSMsBActich WRhAItRALENS iRt iigviltage Vg2 ent .
In other - 34 - words, the control unit 73 is configured to, upon

acknow edgi ng that the judgnent unit 72 determ nes that the nmeasurenent JO
does no eggeed the optimal current magnitude Im control the second power
unit 8 to term nate supplying the current to the DC supply |ine Wic.
[ 0105]

As described in the above, upon acknowledging that the load current IL has its
magnitude greater than the magnitude (optimal current magnitude Im) of the output
current ol supplied from the first power device 5 connected to the commercial power source
AC and operating at the maximum conversion efficiency, the apparatus of the present
embodiment adjusts the magnitude of the output current Io2 of each power device 6 such
that the output current Iol of the first power device 5 has the same magnitude as the
optimal current magnitude Im. Consequently, it is possible to operate the first power

device at the maximum conversion efficiency.

[0104]
Further, upon acknowledging that the magnitude of the load current I1, measured by
the load current meter 70 is not greater than the optimal current magnitude Im, the control

unit 73 controls the second power unit 6 so as to terminate supplying the current. In other
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Accordingly, the present enbodi nent can operate the first power device 5 at
a condition as close to the maxi num conversion efficiency as possible, even
when the magnitude of the l|oad current Ibis |less than the optimal current
magni tude Im [0106] Besi des in the present enbodi nent, when the

magnltude t he | oad cukrent reate th

nmagni t ude ‘?ﬁnthpt ‘f%‘trﬁ@m&%#veﬁ ‘fonﬁg ed%?fglpoﬁea c%}ﬁ‘n %n%ﬁ}a?%eénﬁ%%lg%érgg
Conpensﬂte%r;n%esttﬂ% @b ff SEERGRNE B ARB ok LEed @RGpEHAI Bltredtl Iﬁ:&g%lttda@ Ifgur r ent
having the optimal current magnitude). Alternatively, instead of

conbi natbolahe bdrendYownMet 8 8f ab@ taiflink beesuBAllipthventent tthe ﬂ](Esd%\zﬂy
converter 6a and the FC converter 6c nay cooperate to conpensate for the

di ff eretime Wdmxrent, or the BAT converter 6b and the FC converter 6c may
cooperate to conpensate for the difference current. CLAIMS 1. Power supply
apparatus conpri sing: a first power device and a second power unit
each adi&t jcj to be connected to a DC supply line to be connected to a | oad
devi ce é) onfigured to supply DC power to said |oad device through the DC

supply lineaccordingl l@@%r@é&'ﬁf ERbodIB@stdanPeFRADE SRDPbWIM RYick § siBasure a
current flow ng t%r ough the DC supply line and output a neasurenent

i ndi cat icyeliidn as eogrtb thelmaefmdrheonveasa efficienieyr &ntossible, evepudginie means
configured to, upon obtaining the nmeasurement fromsaid |oad current
measuri mperEEAso the diegd thgrisé?ssﬁb%n theeorbiped rwaentrmagiteledm exceeds an
optimal current magni tude; and

[0106]

Besides, in the present embodiment, when the magnitude of the load current Ir. is
greater than the optimal current magnitude Im, the PV converter 6a and the BAT converter
6b cooperate to compensate for the difference current (the load current minus the current
having the optimal current magnitude). Alternatively, instead of a combination of the PV
converter 6a and the BAT converter 6b, the PV converter 6a and the FC converter 6¢ may
cooperate to compensate for the difference current, or the BAT converter 6b and the FC

converter 6¢ may cooperate to compensate for the difference current.
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control ling neans, wherein said first power device is adapted to be
connected to a conmercial power source, and is configured to convert power
obtained fromthe commercial power source to the DC power so as to perform
constant voltage control of supplying a constant voltage to the DC supply
line irrespective of a current supplied therefromto the DC supply line,
the optimal current nagnitude beindCEéil as a magnitude of a current
which is outputted to the DC supply line fromsaid first power device
operating its maxi mum power-conversion efficiency, said second power unit
including at |east one of second power devices, sai d second power

devi ce BePewpreynply gapedtyocogwysigm i ncl i nati on control of nonotonical ly

d i t put | t lied th f t DC | j ith
coreasi ng g QULRILNELL0S SUB Lo LSLSIE OLAG LIE B, SYPLY bne,

. a .
an increase efromto uppl’y line,

and of ' b | c Ve ' h
g&&;;}g% gge; 6Abd % h@&%&ﬁﬁa{ 13da lh{@ﬁ @éﬁd)&hfg%l hagsuly P ARG E8ase 10k t he

out put sald controlling neans being configured to, upon

acknow gegidighrb it ths DEsyppdigiing nmeans deterni nes that the neasurenent
exceeds the optinmal current magnitude, send an instruction to said second
power devi clead uairentira¢asarimagriane denfigliredite reeaspeert caropp|flowdng opyaatibd second
power unit to the DC power line is identical to a difference between the
measur e PEHTUPRRG R AR dGRER Hett ML ERENtHRENRETRRE 2 agtuds 06 BRI Yevi ce

i ncludin ra]gj.usting means configured to adjust the output current on the
basi s of "the i nstruction received fromsaid control ling neans, and

judging means configured to, upon obtaining the measurement from said load current
measuring means, judge whether or not the obtained measurement exceeds an optimal
current magnitude; and

controlling means,

wherein said first power device is adapted to be connected to a commercial power
source, and ié configured to convert power obtained from the commercial power source to
the DC power so as to perform constant voltage control of supplying a constant voltage to
the DC supply line irrespective of a current supplied therefrom to the DC supply line,

the optimal current magnitude being defined as a magnitude of a current which is
outputted to the DC supply line from said first power device operating its maximum
power-conversion efficiency,

said second power unit including at least one of second power devices,

said second power device being configured to perform inclination control of
monotonically decreasing an output voltage supplied therefrom to the DC supply line with
an increase of an output current supplied therefrom to the DC supply line, and of
monotonically increasing the output voltage with a decrease of the output current,

said controlling means being configured to, upon acknowledging that said judging
means determines that the measurement exceeds the optimal current magnitude, send an
instruction to said second power device such that a magnitude of the current supplied from
said second power unit to the DC power line is identical to a difference between the
measurement and the optimal current magnitude,

said second power device including adjusting means configured to adjust the output



sai d adjusting neans being configured to, upon receiving the instruction
fromsaid controlling nmeans, nodify a condition of the inclination control
so as to adjust the output current to a current corresponding to the
instruction without varying the output voltage. 2. Power supply apparatus
as set forth in.claim wher ei.n . id control li.ng neans _i,s configured
Co, " upof THERHBWIEAGRST Irar ey aery R e Bl el i pER IR e
measur ement (4065, /00he G¥GRERihD Cor@iRLldMb, Gl viIRRER fb@GetidOiéh Qhigsai d
second power unit so as to termnate supplying the current to the DC supply
line. 3colieMBhg S14RRY, YnARK ArBhdisionsf GRtinélafatidn icontedlab Ak 1o adjhetrthk butpait d
second power unit includes a plurality of said second power devices,

t he cur cerenisioppluret torempudiDCts theghytridtiva Withomt satvinsdeontb porkagani t
bei ng defined as the sum of the output currents respectively supplied from
sai d second power devices.

2. Power supply apparatus as set forth in claim 1, wherein
said controlling means is configured to, upon acknowledging that said judging means
determines that the measurement does not exceed the optimal current magnitude, control

said second power unit so as to terminate supplying the current to the DC supply line.

3. Power supply apparatus as set forth in claim 1, wherein
said second power unit includes a plurality of said second power devices,
the current supplied to said DC supply line from said second power unit being defined

as the sum of the output currents respectively supplied from said second power devices.
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